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i HONOURABLE 



lAULES BANKS STANHOPE,* 



\SD TO THE HOnoURABLB 



.MES HAMILTON STANHOPB. 



' AM desirous of prefixing your nftmes to, 
rolumes in token of the aflecuonatc atlaclir 
U) which, I'roni me, you are peculiarly enti- 
And I am happy in the opportuniiy whicit 
dblicatton affords me of brinniing to your 
sctioD subjects, in the sturty of which you 
sfully engagfd at a very early period of life, 
ntrh are of acknowledge! importance in the 
tb of every well-educated youth. 

s yuim^ niMi, the second son of the 'present Earl 
»e, chose at an early peiiod the profeBsion of urna. 
'eu 1807, he waa appointed aid-de-cUDp to genonl 
whom he aecompimied to Bieily and Sweden. l.iv*»t 
id of the rear 1 80^ he was, as majm, a.^^ cnxKe^ ui 
iiniioiJ<i/'tte50t/ire/(*oient,lJieninSpMn»*!'-^Ihe\ie»& 
I Ac was idiot throuffh the heart, at CorxiMia^ "■ *'^' 
■niuirjo 1809. 
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IV BEDICATIOir. 



In perusing this little work you must bear if 
your minds, that it is not intended for proHtientJ 
in philosophical knowledge, but for noviciates Uj 
science ; not for yourselves in the present. advaiidP 
stage of your progress, but,for those young person! 
who are unacquainted tvt^ the rudiitaentHDf nata 
ral and experimental philosophy. 

I am too well acquainted with thp excellence ^ 
your dispositions to suppose it necessary for me ^ 
apologize for laying before you a work that ha& td 
extraordinary claim to ytfur ftceep^tance. Tou wiS 
I am sure, appreciate its value, not so much M 
its intrinsic contents, as by ^.^ good^will wip 
which it is presented. V ■ •' 

Before I conclude this short addr^s, permit aoH 
to say, that miy own happiness will ever be tnoel 
augmented, by the assurance of the happiness aal 
distinguished usefulness of those with whom I hsi^ 
spent so many years of my life, and to whose pui 
manent interest, I am sure, ycm will acknowled^ 
1 have never been inattentive. J 

Sincerely wishing you, Gentlemen, all the M 
city which thfe honourable exercise of distinguish^ 
talents and virtuous minda can confer upon iM 
possessors, '^? 

I subscribe myself ^^ 

Your very affectionate Friend 

And obedient Servant^ 

THE AUTHOR. 

CuAjrroir, JUat, 2800, '^ 



THE author of these little volumes feels himself j 
(itremely happy in the opportunity which thisj 
pDblication affords him of acknowIedgiDg llie obli-J 
gations he is under to the authors of " Practical] 
Education," foe the pleasure and instructioo whiclt ] 
khas derived from that valuable work. To this , 
solely indebted for the idea of wri^ng on theM 
lubject of Natural Philosophy for the use of chil-n 
< (Ircn. Mow far his plan corresponds with that aug- 
- ^!ed by Mr. Edgcwortb in his chapter on Mecha- 
:■ ■.. must be left with a candid public to decide, 
riie author conceives at least, he shall be jusli- 
I iii;d in asserting, that no introduction to natural 
Hid experimental philosophy has been attempted 
in a method so ^miliar and easy as that which he 
now offers to the public: — none which appears to 
him so properly adapted to the capacities of young 

Sieople of ten or eleven years of age, a period of ' 
ife, which, from the author's own experience, he 
\i cuniident, is by no means too early to induce in i 
hildren habits of scientific reasoning. In thia ' 
' liuun he ia sanctioned by the authority of Mr. 
ijtworlh. "Parents," says he, "are ansious , 
!i children should be conversant with mechanica^j 
' with what are called the mcc\\aTvvc.^\ ^o'^itTiJ 
■ :■! 3inly no species of knowledge \s beXXw ^''i^fl 
/ c lasce md capacity of youth, ani ■j'A »^- » 



VI PREFACE. 

dom forms a part of early instruction, 
talks of the lever, the wedge, and the 
most people perceive that the notions 
have of their respective uses are unsat 
indistinct, and many endeavour, at a 1; 
life, to acquire a scientific and exact V 
the effects that are produced by imple 
are in every body's hands, or that a: 
necessary in the daily occupations of i 

Should these volumes be favourabl} 
the public, the author proposes to pur 
plan in four others, for which he has 
rials, and i^hich will comprise Optic: 
tics, Pneumatics, Chemistry, Electrici 
netism.* He is aware that to person 
with these subjects, and who are ac 
the arduous employment of education 
improvement of this work may occur; 
fore, from deprecating candid criticisi 
a public or private nature, he will thar 
to every liberal suggestion that ma 
and will, in the revision of these vg 
writing those that remain to the com] 
design, avail himself of every advanta^ 
he may be favoured. 

The author trusts that the whole 
found a complete compendium of na 
perimental philosophy, not only adapt 
derstandings of young people, but w 
also to convey that kind of familia 

* These vojumes have been pub\\«Jkved, m 
sanctioned by tJie decided pubkcavv^^^i^^' 
tbrouifU #ev€nJ lai^ edijiona. 




FKEFACE. Vii 

B absolutely necessary, before a person can 
lures in these branches of science 
Kantage. " If," says Mr. Edgeworth, spceib- 
" "s subject, " the lecturer does not cuminu- 
biuch of that knowledge which he endeu- - 
ji explain, it is not to be attributed cither 
K of skill, or to the insufficiency of his ap- . 
i but to the novelty of the terms which he 
. Ignorance of the language ii 
f science is taught, is an insuperable bar 
eing suddenly acquired ; besides a preciic 
Ige of the meaning of tyms, wc must have 
bitaneous idea excited in our minds wheoJ 
y are repeated; and, as this can beacquirca 
[practice, it is impossible that philosophical 
D be of mnch Service to those « ' 
Uiarly acquainted with the technical lan- 
b which they are delivered."* 
presumed that an attentive perusal of these 
which the principal and most coni- 
science are carefully explained and 
a variety of familiar examples, will 
ins of obviating this objection, with rc- 
b persons who may be desirous of atiending 
'ilic philosophical lectures to which the 
£ of the metropolis have almost c 



s chapter on Mechanics ahoiild be re- 
•^ dtlentitin uf the reader, but lh«. w^^kwtt 
„ a refer tn a pui. cfi a ^otV, 'Jne -BWiw 
:s the ciu'efUl pevufiBl o^ al\ ■ptv 
n of youUi. 



CONVERSATION I. 



INTRODUCTION. 



FATHER— CHARLES— EMMA. 

CHARLES. Father, you tolil sister Emma 

.i.i nic, that after we had finlslicd ttic "Even- 

t at Home," you noulrl vkiilaiti to U9 smnc 

o prinripirs nf natural [iliiloaojiliy: will you 

Bd this morning? 

TtofAer. Yes. I am quite at leisure; and. 1 

il indeed ut all times take a deliglit in rom- 

kicating tn you Ilie elements of iiscl'ul kunw- 

;e} anil tlio more so in proportion to tlie 

re which you have of rolterting and Btorina 

e Farts that may enable you to iindei'stat 

ioiieration» of nature, as well as the wnii 

nngenious artists. These, I trust, will 1M_ 

ill insensibly, to admire the wisdom and gsml- 

B by means of whirh the whole system of the 

iKcrso Is nitistriioted and supported. 

tBlmna. But can philosophy be c«w\\i'f<^^^^^^ 

rrbilrffvn so young as we arcl \ Wmw^Xitf' 

"4 been the bavinei^B of men, aw\ o't «\w 



10 MECHANICS. 

Father. Philosophy is a word > 
original sense signifies only a love 
wisdom ; and you will not allow tl 
your brother are too young to wis 
ledge. 

Emma. So far from it, that the 
ledge I get the better I seem to like 
number of new ideas which, with a I 
assistance, I have obtained from th* 
at Homtf^ and the great pleasure v 
received* from the perusal of these v< 
I am sure^ excite me to read thet 
again. 

Father. You will find very little 
ductory parts of natural and experi 
losophy, that requires much more ol 
tion than many parts of that work 
you have been so delighted^ 

Charles. But in some books of m 

sophy, which I have occasionally Ic 

number of new and uncommon won 

plexcd me ; I have also seen rcferen( 

by means of large letters and smal 

j which I did not comprehend. 

.] Father. It is frequently a dangei 

for young minds to dip into subjects 

1 are prepared, by some previous kii 

!| enter upon them ; since it may crea 

^ for the most interesting topics. 

books which you now rcia^ V\W\ « 

sure would not have afforfii^A >|o^ 
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CHARI-ES BANKS STANHOPE,* 



; HONOCBABLE 



JAMES HAMILTON STANHOPE. 



i AM desirous of prefixing your ni 
. volnmea in token of the affectionate atlacbr^ 
I lo which, Tiom tnc, you are peculiarly till 

Ant! 1 am happy in ihe opportunity whicU 
publiration afibrds mc of bringing to yi 
llcction Htibjects, in ihc study of which ) 
Liifully engsgi-d at a very early period of life 
i htch are of acknowled;jcd importance in Uie I 
i[i(8 of every well-educated youth. 

' liib young man, the second son of the present Eftdl 
I lie, chose at an early period the profesaioii of iirmj' * 
' }TW 1B07, he was Rppointed ud'^-camp to gencr 
. whom lie Bccompuued to Sidiy and Sweden. ■-•>< 

■ fnd of the rear J 803, lie was, as tnajor, i-^yi 

■•"unamloftlte ^1. nigtraent, thenmapwn.«>-'Ote,\«' 
■'■h lie WM shot ihrooff li the heart, fcX Ccfrona*, "J^ 
' Juaunry, 1809. 
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sation, witli the habii of explaining Ihe meiin 
ib and the structure of cornmon damcitic impleme 

^en> IB t^e sure and effectual melUod of 

tbt &> Ibe acquirement of science-" 
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ES BANKS STANHOPE,** 



: HONOURABLE 



ES HAMILTON STANHOPE. 



i AM desirous of prefixing your nai 

- volumes ill token of the affectionate attacJi*' 

' lo wKich, fi-om me, yoti are peculiarly e 

I! And 1 am happy in tiie opportunity whichi 

1^ publicnuon affords me of bringing lo your j 

riilkction Biibjecin, in the study of whicli you,l 

' risruUy engaged at a very early period of life, f 

11 tiich Are of acltnovrled^cd importance in the J 

i.its of every w«li-educated youth. 

I Ills youni; mBn, the second son of the present Eild I 
<|ie, chOiie at an eiirly period the profeaaion of urate. ■ 
yeur I8U7, he was appirinted aid-dC'CUiip to l^enenl I 
whom lie accompanied to Sicily iind Sweden. Intho. 
' md of tlie ye/ir 1808, he wja, asmajov, af^wWiei, \J 
• ixnmaQf/ o/" (fie JOth rcp'ment, tl^eiv iti Spain) »*-'ilRt\i*9 
' ." 'I Ik mtm allot (LrougU the heart, at COKiMvi, ijr ' 
■-' Jantauy, 1809. 



16 MECHANICS. 

of the gold is contained in a single j 
mass. 

The gold-beaters, whom you ha 
work in the shops in Long-Acre, cj 
grain of gold into a leaf containing 
inches, and this leaf may be readily < 
500.00O parts^ each of which is vis 
naked eye: and by the help of a micros 
ma&;niiies the area or surface of th 
times^ 100th part of each of these be 
ble, that is, the 50 millionth part of 
gold will be visible, or a single gi 
metal may be divided into fifty millic 
parts. But the gold which covers the 
\ used in making what is called gc 
spread over a much larger surface, 
serves, even if examined by a mic 
uniform appearance. It has been 
that one grain of gold under these < 
ccs would cover a surface of nearly tl 
yards. 

The natural divisions of matter ai 
surprising. In odoriferous bodies, si 
phor, musk, and asafoetida, a wondei 
of parts is perceivedy for though th< 
petually iilling a considerable spac< 
riferous particles, yet these bodies 
very small part of their weight in a g 
of time* 
Again, it is said by those w\\o \\^> 
f^e subjtct With the best glasses, 
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y may be relied on, lliat there arc mote 

^iriiiitals in the milt of ft single co(l-(isbi ttiau 
■■' arc m#n on the whole cartlii and tlmt & 
-[<- grain of And is larger tliau Intii' milliuiis 
''ji'SQ animals. Now it' it be admitted that 

! little animals are possessed of organized 
:~. such as a heart, stomach, muscles, veiii3, 

rics, *cc. and that they are possrHsed of a 
i|ilpte system of rirciilating fluids, similar to 
11 is found in larger animals, we seem to ap< 

ii li to an idea of the infinite divisibility of 

ill'. It has indeed been calculated that a 
'I'leof blood of one of tliese animalculais as 

li smaller than a globe one-tenth of an inch 
Haincter. as that ghtbe is smaller than the 

If oartli. Nevertheless, if these particles he 
luliured with the particles of light, it is pro- 

I '. that they would be. found to exceed tlieio 
"ilk m much as mountains do single grains 
-.uid ; 



might enumerate many oftiev vR^Xa.-ftcta < 
"te kind, but these, I fio«\>t waX-t V^i. 



] g 3f£CHANICS., 

sufficient to convince you into what very min 
parts matter is capable of being divided: a 
with these we will put an end to oun present ci 
versation. • 



CONVERSATION HI. 



of the Attraction of Cohesion. 

Father. Well, my children, have you reflec 
upon what we last conversed about? Do } 
comprehend the several instances which I ei 
meratcd as examples of the minute division 
matter ? 

Emma. Indeed the examples which you g\ 
us very much excited my wonder and admi 
tion, and yet from the thinness of some leaf-g 
wiiich I once had, I can readily credit all 2 
have said on that part of the subject. Bu 
know not how to conceive of such small anim 
as you described ; and I am still more at a I 
how to imagine that animals so minute^ sho 
possess all the properties of the larger oneS| si 
«^ a heart, veinSf blood, &c. 
^atAir^ /can^ the next bfigbtmoTxiwv^^X^l 



ATTR*C'riOS (IP COUESIUK, 

ip 'jf my solar microscope, show yon very 

•'ihiinr.ily, the circulation of I.lie blood in a Ilea, 

wl'icli jou may get fvnm jour little dog; anil 

"ifli bettci' glasses than those of which 1 atn 

'"> messed, the same appearance might be seen in 

i'liitls still Hmaller than the Ilea, perhaps, even 

limse which are in themselves invisible to tho 

i <n] eye. But we shall converse more at 

.^\- on this matter, when we come to consider 

^iiliject of optics, and the construction and 

of the solar microscope. At present wa 

I turn utir thoughts' to that principle in na- 

I. which philosophers have agreed to call 

' iiy or attraction. ' 

''lii\rl€s. If there he no more difficulties in 
' liisopliy than we. met with in our last lecture^ 
'" not fear hut that we shall, in general, be 
': lo understand it. Are there nut, papa, seve- 
I kinds of gravity ? 

'■'ather. Yes, tliere are : two of which it will 
iillJcicnt for our present purpose to describe j 
ijiie is the aUractioH of coliesion; the other 
li iif gravUatiim. Tim tUtraction of coliesion 
iiiat power which koepii the parts of bodies 
'Hier when they touch, and prevents them 
■'n separating, or wliich inclines the parts o( 
lu s to unite, when they Rro placed sufficienl- 
ii;ir to each other.' 

' Imrtes. Is it then by the attracV\o\\ **l t«A>S 
f/.«l l/je parts af this tablv., or o? \\\«. 
:ire kept together i 



|20 ' MECHANICS. 

Father. The instances which you hav^ se 
ed arc accurate^ but you might have saic 
same of every other solid substance in the r< 
and it is in proportion to the different degre 
attraction with which different substances 
affected; that some bodies are hard, others 
toughy &c. A Philosopher in Hollandi aL 
a century agO| took great pains in ascertai 
the different degrees of cohesion^ which bel 
ed to various kinds of wood, metals, and n 
otiier substances. A short account of the e 
riments made by M. Musschenbroek, you 
hereafter find in your own language, in thi 
cond edition of Dr. Enfield's Institutes of M 
ral Philosophy. 

Charles. You once showed me that two lei 
bullets having a little scraped from the surf 
would stick together with great force ; 
called that, I believe, the attraction of c 
sion? 

Father. I did : some philosophers who 1 
made this experiment with great attention 
accuracy, assert, that if the flat surfaces, w 
are presented to one another, be but a quart 
an inch in diameter, scraped very smooth, 
forcibly pressed together with a twist, a we 
of a hundred pounds is frequently require 
separate them. 

As it is by this kind of attraction that 
parts of solid bodies are kepttogetVk^Y, ^^n 
9^j^ subatajucQ is separated or \ivoWftiv, v\.\s 



^H ATTRACTIO*! UF COUESIOIT. ^^jH 

Uic {Lttraction of cohesion, that is ororcoint in; 

that particular part, ■ 

Emma. Then, papa, when I had (he mlsfoi^ 

uiic this morning at breakfast, tn lot my sauced 

■\i fruiii my haniis, by which it was broken intftd 

I ral pieces, was it only the attraction of cM 

inn that was overrtime by the parts of tW 

It erbeinff separated by its fait on the gronnd fJ 

f-'iithtr. JuBtao; for whether you unluckily 

ny;ik the china, or ritt a ntirk with your knifi^ 

■ w mclflcad over the fire, as your brother aomM 

tltCies dnps, in order to make plummets: the-n 

Uid a thousand other infltanceH, which are rolH 

tinually occurring, are but examples in whicfc^ 

the cohesion is overcome by the fall, ttio koirfff 1 

or tiie fire. / 

Emma. The broken sancer being liighlJF' 
ralueil by mamma, t^he has taken the pains to Joih' 
it again witli white lead ; was this performed bf 
means of the attraction of coiicsiiin ? ' 

Father. • It was, my dear : and hence yon will 
(Mily learn that many operations in cookery arei 
in fact nothing more than different methods rf 
caasing this attraction to takt plac6. Thus floury', 
Ii) itself, has little, or nothing of this principitf/t 
but when mixed with milk, or other liquids, to^ 
^ proper consistency, the parts cohere strongly, 
■i'lii this co)iesion in many instances becomes; 
ill stronger, by means of the lieut a\j?Vve^ Va^ 
hoili/ig or baking. 
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Charles. Ton put me in mind^ papa^ of 
fable oi'the man blowing; hot and cold : for'ii^ 
instance of the lead, fire overcomes the atti 
of cohesion ; and the same power^ heatf wl 
applied to puddings, bread, &c. causes 
parts to cohei-e more powerfully. How are 
to understand this 1 

Father. I will endeavour to remove your di 
culty. Heat expands all bodies without ex( 
tion, as you shall see before we have finished 
lectures. Now the fire applied to metallii in 
der to melt them, causes such an expansion, 
the particles are thrown out of the sphere^ 
reach of each other's attraction : whereas 
heat communicated in the operations of cookerjj 
is sufficient to expand the particles of flour, bn 
is not enough to overcome the attraction of cohe 
sion. Besides, your mamma will tell you thatfhj 
heat of boiling would frequently disunite thi 
parts of which her puddings are composed, | 
she did not take the precaution of enclosing theri 
in a cloth, leaving them just room enough to 61 
pand without the liberty of breaking to pieces 
and the moment they are taken from the watMl 
tliey lose their superabundant heat, and becoaj 
solid. 

Emiim. When Ann the cook makes broth fol 

little brother, it is the heat then which over 

conies tlie attraction which the particles of meft 

/j/ivc for each other, for 1 \\a\^ ne^wV^Kt ^w\t ol 



4TTHACTI0N Of COHKslOK. 

i'~iit?ifr. Yea, it is very a|ij)ai-ent in tubei 

'■ M.ttera art! unc-tentli ol' an inch ui 

i^lli, but thu sinuUcr llie Itiirc, tlte 

i liil riat^u ; riir it astoiiib, in all in- 

I il tiic weight of the coliiain of watci; 

Ir- lube buiiitices, or is eijual li> Iheattrac- 

ii->l' the tube. By immecHing fhca nf dif- 

lit burrs in H vessel of colunrfd water, you 

<' I l!ie water rises as uiucli higher in 

•uho, than in the larger, as Ibt hore 

i ii;it of tliB larger. Tlic walcr will 

-■y: 'T ut' an inch, anti there remain sus- 

' Id in a tube, whose bore is about one- 

Hi o\' an inch in diameter. 

' 111! liliiil ol' atlraction ih well illnsti'ated, by 

■ ig {I'late I. Fig. 6.) two pieces of glasa. 

'< il Ingi'tlicr at the side bk, and kept a little 

'< At tlic ojiposito side ad, by a ariiull piece uE 

' '' I-,. Ill Ibis position iminoi-flc tliem in a disii 

' liiiired water, FG, and you will observe that 

.!ilrurliun of the gla^s at, and near kc, will 

•'■ the lluid to aiiccnd to ». whereas about 

liarts ft, it scai-ccly rises above the level of 

niiter in tlic vessel. ' "* 

"hnrUs. I see that a curve is formed by tlio 

'\il.lier. There is, and to this curve there mu 
I) curiims prapcrtieb belonging, aa you will 
'liter be able to investigate f'tv joftvs»AS. 

vMmma. Is it not ii/ioa the utiwcivAc «^ 

-iVeL. 1.—V ^ 
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• J'- 

attraction of cohesioiii that carpenters glue theii 
work together ? 

Father. .'It is upon this principle that carpen- 
ters and cabinet makers make use of glue ; that 
braziQrsy tinmen, plumbers, &c. solder their 
metals ; and that smiths unite different bars of 
iron by means of heat. These and a thousand 
otiier operations, of wliich we are continually 
the witnesses, depend on the same principle ail 
that which induced your mamma to use ibo 
wliite lead in mending her saucer. And yon 
ought to be told, that though white lead is fre- 
quently used as a cement for broken ciitnaf 
glass, and earthen ware, yet if the vessels are 
to be brought again into use, it is not'a proper 
cement, being an active poison; besides, one 
much stronger has been discovered, I believe, 
by a very able and ingenious philosopher, the 
late Dr. Ingenhouz, at least I had it from him 
several years ago ; it consists simply of a miX" 
ture of quick-lime, and Gloucester cheese, ren- 
dei'cd soft by warm water, and worked up to * 
proper consistency. 

Emma. What ! do such great philosophers, ai 
I have heard you say Dr. Ingenhouz was, at 
tend to such trifling things as these ? 

Father. He was a man deeply skilled in maiO 

brandies of science ; and I hope that you an< 

your brother will one day make yourselves ac 

quainted wItU many of l\\a im^ovlsiut discovc 
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a re»l philosoplier will cnnaidcr it 
k fats attention to add tu the conveniences 

leg. This nttraction ol' cofaesion seems to 
b tlie whole ol' nature. 
~tlher. lit does, hut you will not forget that 
■: Is only at very small (tistaiices. Some 
r-i imleed appear to possess a power tlie 
r-,c. of the attraction of cohesion. 
"'niita. What is that, papa? 

■ rilier. It 19 called repulsion. 

^ water repels most hodies till they are wet. 
nail needle carefully placed on water will 
.11 : flics walk upon it without wetting their 

• >r liathe imwet their oily forms, and dwell 
With feet repulsive on Uie dlmplJjiE well. 

"'■ lirops of dew which appear in a morning 
!>l)intSt particularly on cabl)age plaiitai aS' 
' n globular form, from the mutual attrac. 

■ tit'tween the particles of water j and upon 
inination it will he found that the drops do 
lunch the leaves, for they will roll oil' in 

.;i;<ct bodies, which could not be the case it' 
> subsisted any degree qf attraction between 
vs liter aitd the leaf. 
': H small thin piece of iron be laid v.ij<n 
I kiilvcr, the repulsion between ttxe K\SS«.\fe\* 
'ii'Mv wilt cause the snrfaco ot t\\c <\v\wN.'«^'4' 
ear Itie iron tu be depressed. 
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The repelling force of the particles of a 
is but small ; therefore, if a fluid be divide 
easily unites again. But if a glass or any 1 
substance be broken, the parts cannot be n 
to cohere, without being first moistened, 
cause the repulsion is too great to admit of \ 
union. 

The repelling force between water and ( 
likewise so great, that it is impossible to 
them in such a manner, that they shall no 
parate again. 

If a ball of light wood be dipped in oil, 
then put into water, the water will recede £ 
to form a small channel around the ball. 

Charles. Wliy do cane, steel, and many o 
things bear to be bent without breaking, 
when set at liberty again, recover tlicir orig 
form ? 

Father. That a piece of thin steel, or c 
recovers its usual form after being bent 
owing to a certain power called elastic 
which may, perhaps, arise from the particl< 
those bodies, tliough disturbed* not being dr 
out of each otlici-'s attraction ; therefore 
soon as the force upon them ceases to act, 
restore themselves to their former positio 
But our half hour is expired, I must leave 
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CONVERSATION V. 



Of tbe Atti'»:tion of Gravitetioii. 

6er.' Wc will now proceed to disca 

tber very important general jiriiiciple , 

, uro ; the attraction of graviiation, or, as It 

^nently tei-mcd, gravity, wliicli is that powi 

[which distant bodies tend towards ca( 

Of this w(i have perpetual instances" ! 

jfaHing of bodies to the earth. / 

ter^s. Am I then to understand, th: 

l&er this marble falls from my hand ; op 

e brick from the trip nf a. house ; ov an i^ 

Itom the tree in the orchard, that all thoi 

>en by the attraction of gravity? 

UAer./ltisby the power which is cnmtimni 

■mod under the term ^ra-oi/y, that all hwlli 

^ver have a tendency to the earth, and, uj 

ip|iortcd, will fall in lines nearly {leipui 

^r to its surface. 

, But are not smoke, steam, and Mtlil 
jbudies which we see ascend, exceptions i 
piMml rule? 

n-j It a|>prars so at 6rst sight, and 
formerly received &a a gftfte««\ «sivw« 
ttoke, ateatti, &c. posseaati tt» '«%\^ 
wiwyoi" (lie air-vum? V\a3 feVisw'a. 






HBCHARICB. ^^^H 

Jlacy or this notion ; for in an exliauste 
jBiver, that ia, in a glasa jar from wliicl 
' i taken away by means of tlie air-pi 
gnnko and Hteam descend by their own wi 
B completely aa a piece ot'lead, Wlien we i 
) converse un the subject of pncumatica 
jrdroatatics, you will understand that the 
1 why smoke and other bodies asceni 
imply because they are lighter than th 
losphere which surrounds them, and tho 
lent they reach that part of it whieli ha 
! gravity witii themselves, tiiey ccai 

Charles. Is it then by this power that al 
Betrial budica remain firm un the earth ? 
.Father, By gravity • bodies on all parts i 
Brth (which yuu knn'W is of a globular 

i kept oil its siirfacci because they all, w 
iver aituuted, tend to the centre ; and. aint 
ivc a tendency to the centre, the inhabits 
ew ZealAiidt although nearly nppoaite t 
^t, stand as firm as we do in Great Brit 
Charies. This is difficult to comprehend 
'erthcleas, if bodies on all parts of the su 
if the earth have a tendency to the centre, 
i no reason why bodies should not 
)n one part as well as another. Doe 
lower of gravity act alike on all bodies i 
[ Father. It does, without any regard to 
'rare, or s'tzef for attraction or gvavitj 
" f in ]n<qportioii to tikw ^fuai 
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rtter which they roiitain, that is, foar times 

greater force of gravity is exerted on a weight 

Tour [uiiinds. than upon onf^ of a single pound. 

r<»jiie(|uonc€ of this principle is, that all 

^ at equal distances from the earth full 

■ rjual velocity. 

luuina. What do you moan, papa, by velO' 

Patlurt. I will explain it by an example or 
wd; if you and Ctiarlea set out together, and 
> ulk a mile in half an hour, but he walk and 
'•M, milea in the same time, how mudx 
I !■ will he go than you ? i 
iniio. Twice aa swift. 

,','i('r. , He does, because, in the same timef 
'^ses over ttvice as much space; therefore 
.(> hie velocity was twice as great as youra. 
<i'i!C a ball, fired from a cannon, pasa 
i:;!i 8(10 fcot in a second of time; and in 
Diie time youi- brother's arrow pass through 
'<M.-t only, bow much nwifter docs the cao- 
ii:'JI fly than the arrow i 
'•aiut. Eight times swifter. 
■ iiher. Then it has eight times the velocity 
,1 arrow I and hence you understand that 
<ici^8 and velocity are synonymous terms ; 
: liat the velocity of a body is measured by 
liace it |m.<)ses over in a ^ven time, a» 9. 
Ill, a minute, an hour, ^c, 
...iia. It' / lei a piece of meta\, aa a.^\« 
.,.., Mid a feather /aU from my \anA»5. 
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same time^ the penny will reach tlic ground 
much sooner ^than the feather. Now how do joi 
account for this if all bodies are equally affectid 
by gravitation, and descend with equal velo" 
cities, when at the same distance from the 
earth ? 

Father. (Though the penny and feather will 
not, in the open air, fall with equal velocity, yd 
if the air be taken away, which is easily donOi 
by a little apparatus connected with the air* 
pump, they will descend in the same timoi 
Therefore the true reason why light and heavy 
bodies do not fall with equal velocities, is, tw 
the former, in proportion to its weight, meelfl 
with a much greater resistance from the aif 
than the latter. 

Charles. It is then, I imagine, from the sanio 
cause, that if I drop the penny and a piece al 
light wood into a vessel of water, the pennyi 
shall reach the bottom, but the wood, after der 
flcending a small way, rises to the surface. 

Father. In this case the resisting medium ii 
water instead of air, and the copper btingi 
about nine times heavier than its bulk of wateiy 
falls to the bottom without apparent resistance* 
But the wood, being much lighter than wateijb 
cannot sink in it, therefore, though by its iiiM 
mentum*, it sinks a small distance, yet as sooil 
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* The explumdoQ of this term ViW V)^ io>^^ vcl ^C&t tidi 
TaarersdtioD. 
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Inverramc hj (he resisting mctdiiitn, il 
Itbo surface, lieiiig tlie lighter sub- 



CONVERSATION VI. 



Oftlic AttrixMiunof Uraviiatioii. 

e tenu mMwntum wliich you mftdc 
'day, fti another word which I do not 

R(If yoii liavc iiti<1erato(id what I have 
Jhcting the vchicity of moving Ixidiea, 
F^asily compfehenU what is meant by 
iril RiDiDentum. 

' ummenlnm, or moving fopre of a body, 
"light nmHiplipd into its velocity. You 
'jr instance, place this pound weight upon 
I pinte without any danger of breaking, 
: >..« let it fall from the height of only a 
1 1 I>c», it witl daah the chtnik to pieces. In 
■M c«se, the ptate has only the pound 
I r !n sii.'itain, in the other, the weight muat 
iitiplii'd into tiic vchcity, or, to B\ie«.V.\na. 
r manner, into the (listaiico ol tVie \vc\iAvV 
kb/tfctf. 
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If a l>all a (Plate t. Fig. 6.) lean ag 
obstacle &» it will not be able to ovcrtui 
if it be taken up to c and siiffeiTd to r 
tbe inclined plane ab against b, it will ( 
ovcrtbrow it ; — in tbe former case, 
only have to resist tlie weight of the I 
the latter it has to resist the weight in 
into its motion or velocity. ) 

Charles. Then the momentum of a sn 
whose velocity is very great, may be 
that of a very large body with a slow 

Father.: It may* and hence you see th 
why immense battering rams, used by 
cients, in the art of war, have given 
cannon balls of but a few pounds weigl 

Charles. I do« for what is wanting in 
is made up by velocity. 

Father. ^ Can you tell me what velocil 
lion ball of 2R pounds must have to e 
same purposes, as would be produced I 
tering ram of 15,000 pounds weiglit, an 
by manual sti'ength, could be moved at 
of only two feet in a second of time ? 

Charles. I think I can ; — the momentv 
battering ram must be estimated by its 
iDuItiplied into the space passed over 

iim which is 15,000 multiplied by t 

to SOfOOO ; now if this momentur 

ilpo be that of the cannon ball, be 

^igbt of the ball, il v^WV i^vvvi 1 

r/recf; and 30,000 &\\\ii«&Vk^ 
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_B quotient 1072 netirl}', which is the 
Effiet which the cit(Mi<iii IihII must pass 
second of lime, in oriter that the ino- 
liie battering ram anil the bail may bs 
„, _ Bn other w<»rUs, that they may have the 
" -fleet in beating down un tnemy's wall. / 
:\iiiJ 1 now fully comprehenil what the mu- 
ni i>f a body is, for if i Id ucomtnon trap- 
I iilentaUy fall from my liand, u|M>n my 
' Drtasiims more pain than the jiressure of 
,lii several times heavier. ' 
■.■Its, If th« attraction of gravitation be a 
iiy which bodies in general tend towards 
I lier, why do all bodies tend to the earth 
>'iLt,re ? 

"7.(1 have already told you that by the 

'.ivv of gravitation, the attraction of alt 

u in proportion to the ijuanlity of matter 

< ilify contain. Ni^w the earth, being so 

<-.! ly large in com|mrisnn of all other sub- 

- in its vicinity ..destroys the effect of this 

iiim between smaller hodies, by bringing 

illto itaell'.— If tvvu balls are let fall fi-oni 

lower lit a sniall distance apart ; thoogli 

iMve an atttartion for one an>ilher, yet it 

at4 nothing when compared with the at- 

.11 l.y which they are holli impelled to the 

, und consequently the tendency whicli^ 

.imtually have of ajipiiiftchmg ow awiftvwe 

tpeiveivetl in the fall. WA**^^** 
i/w (Few i>lacc(i in tree sv**^** ^-^ 
-' 
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out of the sphere of the earth's attraction 
would^ in that case, assuredly fall toward 
other, and tliat with increased velocity a 
came nearer. If the bodies were equal 
would meet in the middle point 6etwe4 
two ; but if they were unqqiial, they woul 
meet as much nearer the larger one, a 
contained a greater quantity of matter tb 
other. 

Clmrles. According to this, the earth; 
to move towards failing bodies, as well a 
move to it. 

Father. It ought, and, in just theory, it 
but when you calculate how many mill 
times larger the earth is than any thing b< 
iiig to it, and if you reckon at the same 
the small distances from wliich bodies ca 
you will know that the point where the \ 
bodies and earth will meet, is reumved o 
an indefinitely small distance from its sii 
a distance much too small to be conceiv 
the human imagination. ' 

We will resume the subject of gravi 
morrow. 
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COXVKUSATION VII. 



Of Ihe Atlr:ictli)n uf Gravitation. 



Up 



Una llic attraction of gravitation* 

, till! Hame ntfcrt on all bodies, wliateverbo 

'listuMcr fniiii the caHli. 

:!hi-r. Nii; lliJH. like every ]iowep v^hicli 

"I tccnt|-B, decreases ns th»Bqtuu-ea 

( fi ('mm tliHt retitre inrrease. 

li-ar that 1 Rliall not understand 

<iij illustrate It hy nxanipics. 

'|i|i03Q you are reading at tiie dis- 

ii'iit Trom n caudle, and that yiiti 

. ' I <.Lini)iiaii1ity of lighton yourbook; 

if yiju rctiijovc to tlie distance of two feet 

tlie candle, you will, l>y thi» law, receive 

limes lesH light than you had before; here' 

. tliougl) yoti have increased your distance 

:^v-o>fold, yet the light is diminished four- 

lipfsiuse lour is the square of two, or twa 

jlicd l>j itself. If, instead of removing two' 

I I. randle, yott take your station at' 

1'<:M distance, you will then pcceivo 

lit distauces, 9. 16, 5.5, ?>& VwftRS 

all when yon wftc ^\V>v\t\ Tk w**^ 

/.— n ^" 
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foot from the candle, for these, as you know, art 
the squares of the numbers, 3, 4, 5, and 6. TlM 
same is applicable to the heat imparted by afire j 
at the distance of one yard from' which, a p^ 
son will enjoy four times as much heat, as hi 
who sits or stands two yards from it ; and nuMi 
times as much as one that shall be removed M 
the distance of three yards. 9 

Charles* Is then the attraction of gravi^ 
four times less at a yard distance from the earM 
than it is at the surface ? t| 

Father. No ; whatever be the cause of attrMM 
tion, which to this day remains uudiscovered/i 
acts from the centre of the earth, and not (rim 
its surface, and hence the difference of the powiii 
of gravity cannot be discerned at the small dM 
tances to which we can have access ; for a miH 
or two, which is much higher than, in generaH 
we have opportunities of making experiments 
is nothing in comparison of 4000 miles, dil 
distance of the centre from the surface of tUj 
earth. But could we ascend 4000 miles Bbofi 
the earth, and of course be double the distancd 
that we now arc from the centre, we should theili 
find that the attractive force would be but one' 
fourth of what it is here; or in other wordSi 
that a body, whiclr, at the surface of the eartki 
weighs one pound, and, by the force of gravMji 
falls through sixteen feet in a second of timci 
woi/Jd at 4000 miles above l\v^ e^.tWi\<^\^li.hut« 
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Tquarter of a pound, and full througli only (aft 
I feel in a second*. 

Emmn. How U that known, papn, for nobo^ 

ejer was tlicre f I 

J / Father. You arc right, my dcni-, for Uann 

LjuIt who last siiininer astonislicd all the peonl 

trojKilis and its nt-ighbourhood. by M 

1 balloon, anccnded but a little way.l 

risoti of the distance that we are apeaki^ 

sr. I will try tu explain in what mail 

Wter phiInsophci-3 have come by thnir knowlcdg 

on this subject. , 

The moon ig a heavy body connected w^ 

, Ae earth by this bond of attraction, and by tN 

t accurate observations, it is known to I 

obedient tu the Hamo laws as othrr heavy bodn 

[0: its distance is also clearly ascertain^ 

"^ about 240,000 miles, or equal to abd 

* semi'diameters of the earth, and of coul| 

Fcftrth's attraction upon the moon ought^ 

" 'i in the propoi-tiim of the square of ttij 

, that is, it ought to be 60 tiuies 60» c 

I 

„ ?fl 

tain Chi'ce niiles hi|j 
le Burface of the eartii wdglis ^Olb. , 

le seml-dianieler of the eurih I.e taken iit 4000 i ^ 
tbii die he^it of the mwintuin, and nay as the squf 
■ o the square of 4U0u, so is 301b. to n fourth g 
Qr as 16024009 -. 16000000 : : 30 ! 19.97 nr aoL 
r^ung- moru than 191b. 15^ oz, whiob is the weiglit of fl 
I Wen bull al the top of the n ' ' 
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5600 times less at the moon than it is at the sui^ 
face of the earth. This is found to be the a 

Again^ the earth is not a perfect sphere, biitl 
spheroidy that is^ of the shape of an oranj 
rather flat at the two ends called the poles, 
the distance from the centre to the poles is abi 
eighteen or nineteen miles less than its distal 
from the centre to the equator, consequent 
bodies ought to be something heavier at,- 
near the poles, than they are at the equi 
which is also found to be the case. Hence it 
inferred that the attraction of gravitation vi 
at all distances from the centre of the earth, 
proportion as the squares of those distancL^ 
increase*. '% 

Charles. It seems very surprising that pbiWj 
sophers, who have discovered so many thinj 
have not been able to find out the cause of 
vity. Had Sir Isaac Newton been asked why 
marble, dropped fi*om tlie hand, falls to 
ground, could he not have assigned a reasoni 

Father. That great man, probably the great 
est man that ever adorned tiiis world, was 
modest as he was great, and he would have 
told you he knew not the cause. 

The excellent and learned Dr. Price, in a 
work which he published twenty-five years ago, 
asks, << who does not remember a time when be 

* Sec Vol. I. Couver. XX.\\\. 
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J wondered at tlic question, ivhy does 

I down hUl? WImt ignoi-ant man is 

ID is not persuaded that ho understands 

jcUj" ? But every improved man knows 

i»Uon he cannot answer." fur the 

ter, like that of other heavy bo- 

i upon the attraction of gravitation^ 

Trbich isNtill involved in darkness. 

a just now said that heavy bodies 

I of gravity full sixteen feet in a se- 

Wf is that always the cane I 

V«s, all bodies near the surface of 

rfhl! at tiiat rate in the first second of 

It as the attraction of gravitation ia 

Uy acting, ao the velocity of falling 

an increasing, or, as it k usually called, 

■Tilting velocity. It is found by very 

experiments, that a body, descending 

aiderable height by the force of gra- 

S feet in the first second of time ; 3 

I in the next; 5 times 16 leet in the 

kes 16 feet in the fourth second of 

• on, continually increasing aecord- 

1 numbers, i, 3, 5, T, 9* 11, &c. 



A 
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CONVERSATION VIII. 



Of the Attraction of Gravitation. 

Emma. And would a ball of twenty pomidfe 
weight here, weigh half an ounce less on thi 
top of the mountain ? :<l 

Father. Certainly : but you would not be aUi 
to ascertain it by means of a pair of scaleSf mI 
another weight, because both weights bein|; tt 
similar situations would lose equal portions^ 
their gravity, 

Emma. How, then, would you make the eai 
periment ? .3 

Father. By means of one of those steel spiral** 
spring instruments which you have seen occar 
sionally used, tlic fact might be ascei*tained« 

Charles. I think, from what you told us je^ 
terday, that witli the assistance of your stop-> 
watch, I could tell the height of any place, by 
observing the number of seconds, that a marble 
or other heavy body would take in falling from 
that height. 

Father. How would you perform the calcu- 
lation ? 

Charles. I should go through the multiplica« 
tions according to the number of seconds^ and 
then add them together. 
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tr. Explain joui'selt' more particularly : 

Bfeing j'ou were to let a inarblo or peniiy- 

"(' h\l ilown tliat deep well wliicli wu tiaw 

■■■! summer in the hrick field near Kamsgute, 

I 'I (hat it was exactly five seconds in the de. 

-ftji, what would bo tlie depth of the well ? 
CliarUs. In the first second it would fall lit 

'n't ; in tjie next 3 times 16 or 48 feet ; in the 

'int 5 tinica 16 nr 80 feet; hi the fuuKh 7 

<i 16 or US feet; and in the fifth second 9 

^ 16 or 144 feet; now if I add 16, 48. 80, 

, .iTid 144 together, the sum will he 400 feet, 
nil, according to your rule, is the depth of 

■ wfti. But was the well so deepJ 

■\illier, i do not think it was, hut we did not 

'>< the experiment ; should we ever go to that 

■■■:. ugain, you may satisfy your curiosity. 
"I recollect that at Dover Custle we were told 
I ivell there 300 feet deep. 
I liiiugh your calculation was accurate, yet it 

' iiiit done us nature effects her operations, it 

^ not performed in the shortest way. 
' '!".trUs. I should be pleased to know an easier 
iliiil? this, however, is very aimplc, it re- 
ri rl DotUing but multiplication and addition. 
'■:l}ier. True, but suppose I had given you an 
'rii|ilG in which the number of seconds had 
:i HIty instead of live, the work would have 
11 you an liour or more to have yeefamwii^ 
uiiwipA*, bj the role wliic\iVam ^wv^' 

' o '^ iD^rAt Aave lieen done in UvKS «b 
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Charles. Pray let me have it^ papaj I liopt 
will be easily remembered. 

Fatlier. It will; I think itcannot bcfor^ott 
after it is once understood. The rule is till 
"the spaces described by a body JatLing freely Jrt 
a atale of rest, increase as the sttuAitES ^ I 
times increase." Consequently you have oi 
to square the number of seconds, that isi y 
know, to multiply the number into itself; t 
then multiply that again by sixteen feeti 
space which it describes in the first second, | 
you have the required answer. Now try the. 
ample of the welt. . 

Charles, The square of 5, for the time* is 
which multiplied by 16 gives 400 just a 
brought it out before. Now if the seconds i 
been 50. the answer would be 50 times 50. wl 
in 2S00, and this multiplied by 16, gives 40^ 
for the space required. 

Father. I will now ask your sister a quea 
to try how she has understood this subject. ! 
pose you observe by this watch that the tim< 
tbe flight of your brother's arrow is exactly 
seconds, to what height does it arise I 

Emma. This is a different question, boca 
hero the ascent as well as tUe/all of the arrui 
to bo considered. 

Father. But you will romembcr, that 
time of the ascent is always equal to that 1 
JI/c descent; /or as the velocity of the d 
Jjl^vaeruted by the force o( gc«^' 
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( the ascent destroyed by the same 

Then tlie arrow was tliroc seconds 
bing; now tliea<iuare at 3 ia 9, whicit 
a by 16, fur llie number of feet ilescrih- 
■ first second, is ccjual to 144 feet, tlio 
Ti. wliiclT it i-ose. 
. .(■, Now, Charlrs, if I get you a bnw 
wiil carry »n ariow so high as to be 
ii ijcconil!) in its flight, can you tell mc 
<;lit to wliirli it aiicendH ? 
:!n. I can now answer yon without hesi- 
— it will be 7 Becoiids in falling, the 
>>f which is 49. and this again multiiili- 
I ') will give 784 feet, or rather more than 
■lis for the answer. 

0-. If you will now consider the. example 
v.u did tlie long way, you will see that 
!i which I have given you answers very 
;i ly. In the first second the body fell 16 
III in the next 48, these added together 
' ). which is the siiuaie of the £ seconds 
h 'd by ifi. The same holds true of the 
^(■ronda, for in the tliird seconii it fell 80 
lull added to the 64, give 144 equal to 
Hire of 3 multiplied by 16. Again, In 
ijiih second it fell 112 feet, which added (o 
I \ CH 35G equal to the square of 4 multi- 
II iiy 16: Rnd in the fiitli seconA A teW \\\ 
^M^ aiided tii £S6, give 4lt0 equsA \.u >\v«> 
■to moMyj/ierf fey i6. T\»HS -VQWwNlS 
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find, the rule holds in all cases, thai i 
described by bodies falling freely from < 
resU increase as the squAUEs of the I 
crease. 

Cliarles. I think I shall not forget th 
will also show my cousin Henrv how 
know the height to which his bow will 

Father. The surest way of keepi 
knowledge we have obtained, is by c< 
eating it to our friends. 

Charles. It is a very pleasant circui 

indeed, that the giving away is the bes 

i; of keeping, for I am sure, the being 

oblige one's friends is a most delightfu 

Father. I have but a word or two mi 
I the subject: since the wfi^le spaces 6 

increase as the squares of the times inc 
also the velocities of falling bodies in( 
the same proportion ; for you know 
velocity must be measured by the spac 
through. Thus if a person travels six 
;;j^[j hour, and another person travels twelve 

the same time, the latter will go with d< 
velocity of the former: consequently tl 
ties of falling bodies increase as the sc 
the times increase. 

, If now you compare the spaces desc 

falling bodies in tlie several momenU 

taken separatelijf and in their order J 

Ifefflnning of the fall, then Ihey , «itvA tiox 

^y their velocities also^ are to o\\^ «av^>i 









^EBSAnoNj5 









50 MECHANICS. "^ 

while the line of direction falls within .t! 
slide down upon the plane : but they i 
when that line falls without the base. T 
A (Plate I. Fig. 8.) will slide down tl 
D£9 but the bodies b and c will roll do' 
Emma. I have seen buildings lean vei 
out of a straight linc^ why do they not 
Father. It does not follow, because a I 
leans, tliat the centre of gravity does 
within the base. There is a high tower 
a town in Italy, which leans fifteen &i 
the perpendicular; strangers tremble 
by it, still it is found by experiment 1 
line of direction falls within the ba 
s|';-.' therefore it will stand while its materii 

!ij ? together. 

'M^i^ A wall at Bridgenorth, in Shropshin 

(jfi. I have seen, stands in a similar situatioi 

jjjif i long as a line cb (Plate ii. Fig. 9.) let 1 

(■ . ^ the centre of gravity c of the building ab 

: !.:| within the base cb, it will remain firm 

|i' ;> the materials with wjiich it is built go t 

h /. Charles. It must be of great use i 

-; v| cases to know the method of finding th 

l^"?; of gravity in different kinds of bodies. 

Fatlier. There are many easy rules 

with respect to all manageable bodies 

mention one, which depends on the | 

which the centre of gravity has, of alu 

denvouving to descend to lV\e \v>>n««^ ^^ 

If a body A (Plate ii. ¥\s.\^-^Vi^li 
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n a pin a, anil a plumb line a n bo hang 

y '.be same pin, it will pass thmugh tiio rcnlrv 
: ivitj', Tnr tliut ccnti'e is n»t in tlio lowest 
. (ill it fall ill the same line »s tlic jiliimb 
Mark (be line as; then hnng tlie bndy up 
I v otber point, as b, with the plumb line 
^ liicli will also pass through the centre of 
■ly for the same reason as before; an<I 
flit as the centre of gravity is somewhere 
-. and also in some point of de. it must be 
puiiit c where those lines cross. 



I 



CONVERSATION X. 



of the Centre of GrH-ily. 



tcs. How do those peo]ile who have to 
' itrts and wa^ns with light gouds, as 
, \ ool, &c. know where to find the centre 
;i;.vity? 

:!her. Perhaps the generality of them never 

'\ -if such a prinriple ,- and it seems surprlS' 

- ilut they shonM nevertheles» mak« u^t Ut^vc 

i>lj> with aach accuvwy an to keep tt\c \\"cvt vA 

vctiott ia or near tiie middle ot l\»t Wsa 
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t a pin a, and b plamb line a b bo hung 
ne pin, it will pass tlirough tlie centre 
f, for tliat centie 19 not i)i the lowest 
. it fall in the same line as the plumb 
rk the line a b ; then hang the body up 
her point, as d, with the plumb line 
h will also pass through the centre of 
ar the same reason as before ; and 
as the centre of gravity is somewhere 
d also in some point of de, it most be 
nt c where those lines cross. 



CONVERSATION X. 



of the Centre of &ivity. 

. How do those people who have to 
i and wagons with light goodsi as 
, &c. know where to find the centre 

r? 

Perhaps the generality of them never 
inch a principle; and it seems surpris- 
hey should nevertheleaa mataMV ^^«.« 
F sttcli accuracy an to kee? ftvfcXvwe. »& 
n or near the middle o( \.\v«i >»'%&»'•' 
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Cmma. I have sometimes ti*embled to i 

the hop-wagons which we have met on] 

mi road. j 

Father. And without any impeachmem 

mr courage, for they ai*e loaded to sucb 

lormous height, that they totter every inci 

le road. It would indeed be impossible for 

t* these to pass with tolerable security aloi 

*oad much inclined ; the centre of gravity b^ 

removed so high above the body of the i 

riage, a small declination on one side or n 

would throw the line of direction out of 

base. 

Emma» When brother James falls aboo^ 
it because he cannot keep the centre of gra* 
between his feet ? 

Father. That is the precise reason why 
person, whether old or young, falls. And Y 
you learn that a man stands much firmer 
his feet a little apart than if tliey were 
close, for by"8epai*ating them he increasf 
base. Hence also the difliculty of sustai 
tall body, as a walking cane, upon a r 
foundation. 

Emma. How do rope and wire dancers 
I have seen at the Circus, manage to 
tliemselves ? 

Father. They generally hold a lo' 
with weights at each end, across the 
rFA/cA thejr dance, keeping thew e.^^a 
some object, jiarallel to the rope. 




CKNTBE W SHAVITT, 



know when their centre of gravity 
one side of the rope or the other, and 
I betp of the polet they are eniibkd 
i centre of gravity over the base, 
t is. It is not bowever rope-ilancers 
[lay attention to this principle, but 
iiaiDon actions of the pc^iplc in gcnc- 
dlatcd by it. 
In vhat respects i 
We bend forward, when We go up 
{se rrom our chair, for when we are 
■ centre of gravity is on the seat, and 
direction falls behind our base ; we 
lean forwards t^' bring tlie litic of 
owarils our feet. For the same rea- 
cairying a burden on his back leans 
uid backward if he carries it on hia 
^ the load be placed on one shoulder 
a the other. If we slip or sttimble 
lot, we naturally extend the opposite 
ing tlie same use of it as the rope- 
8 of hifi pole. 

(perty of tlie centre of gravity always 
ng to descend, will account for ap- 
which are sometimes exhibited to 
Uirprise of spectators. 
tVhat are those, papa f 
One is, that of a double cone, ap- 
■joM up two inclined planes, forming 
ith each other, tor as \\ so\\%S\ ""•■*" 
b9 
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between tlieiri, and b^ that means the centre j 
gravity is actutlljr desicniliTig. 

Let a bodf tb (Plate ii. Fig. 13.) consistii. 
af two equal cones QnUing at theii' bases, b 
placed upon the tdgea of two straight g 
rulers, ab and cd, wfaicli at one end meet in^ 
angle at a, and rest on a linrizontal plane; . 
at the other are raised a little above the p' 
the body will roll towards the elevated enSji 
the rulers, and appear to ascend ; tlie parttfl 
the cone that rest-on tbe ruict-s growing smu 
as they go over a large opening, nnd thus U'" 
it down, the centre^r gravity ilescenda. 
you must remetnb^Mhat the height of the piU 
must be less than the radius of the base of i| 
cone. 

Charles. Isitupontliis principle that ae)| 
der is made ts roll up hill ? 

Father. Yes, itia; but this can be ( 
only to a small distaace. If a cylinder of pi 
board, or very light wood ab, (Plate ii. 
11.) having its centre of gravity at c, be pt^ 
on the inclined plane cd, it will roll down '^ 
inclined plane, because a line of direction h 
that centre lie« oat of the hnse. If I now 
the little hole o above witii a plug of lead, it' 
roll up the inclined plane, till the lead gets 
the base, where it will lie still i hecM 
centre of gravity, by means of tbe leai' 
mored tnaa c towards Uie 0a|^« sbA ' 
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tliougli tlio cylinder is ascend- 

an rml to tliis subject* I will 
]er es|ici'iineiit, which without 
the princiiile of the centre of 
be explained. Upon this stick 
£. 13.) which) of Itself, would 

centre of gravity hangs over 
I suspend a bucket b, fixing 

one end in a notch between a 
otiier against the inside of the 
itn. Now you will see that the 
I this position) be supported, 
til water. For the bucket being 
lut of the perpendicular, by the 
ntre of gravity of the whole is 
tho table, and is consequently 

gc of the principle of the centro ■ 
dies, will enable you to explain 1 
a variety of toys which are put J 
of children, such as he Uittle J 
necrf tumbler, ^c. 
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CONVERSATION XL 



On the Laws of Blotion. 

Charles. Are you now going, paj>a9 to i 
scribe those machines, which you calU "necha 
cal powers? 

Father. We must, I believe, defer thst a i 
or two longer, as I have a few more genei 
principles with which I wish you previously 
be acquainted. 

Emma. What are these, papa ? 

Father. In the first place, you must well t 
dcrstand what are denominated the three gei 
ral laws of motion : tlie first of which is^ '<ti 
every body will continue in its state of ustf cr 
uniform motion^ until it is compelled by someffi 
to change its state."'^ 

Charles. There is no difficulty of conceivil 
that a body, as this inkstand, in a state of n 

* The author is aware that this Law of Motion is not i 
mitted by some modem philosophers of high name; to hj 
however, their reasonings appear inconclusive. At any n 
in a work intended for very young minds, he thinks it a di 
to avoid metaphysical distinctions : preferring, at bD thn 
mtAer to guide them by matters ol tacl l£!b:Kcv \o \mi& th 
tenc/er memories with cunous and sab\Jl<&\h!&^*^A« 
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AVit remain so, if nn external fnrce In- 
1 upon it to give it inntioTi. But I know 
.uiiiilft wliicli will It'ail me to !4ii|i)iiwe. 
< Illy uncc |)iit into motion would of itself 

. Tcm will, I tliiiik. ]tresctitly adnut 
t- (Kirt of tlie assertion, ns well as tbu 
iitthotijfit it cannot be established by 

■il.'Mt. 

<<i. I shall be glad to li«ar how tliiH is. 
,rr. You will not deny tbat the ball which 
rikc from the tra}i. has no more power 

to destroy its motion, or cause any 
- ill its velocity, than it has to change its 

.<>. Certainly; nevertheless, in a few 

aOer I have struck the ball with all u>y 

it (alls to the ground, iind then stops. 

itr. Do you And no diffuri-nre in the time 

taken up befoi'e it comes to refit, even 

Kyour blow the same } 
Yen. if I am playing on the grasH, it 
ess distance, than when 1 play on Die 
»vel, 
L.r. You find a like dift'erence when you 
iving at marbles, if you plaj in the 
( iiiirt, or on the even jiaveiiirnt in the 

I'cs. The niarWes run bo easily fin ft\tt 
-t'laes in (Iw arcHiie, that wc cttn sfixcc- 
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Emma. AntI I rcmeinber Charleit an 
cousin were, hist wintpr, trj'iiig how fai 
could slioot their marbles along the ice I 
canal ; and they went u proiligtoua distan 
C(im|iur'ison nf that which tli^y would hftvi 
on tlie gravel, or even on the pavement 
arcade. 

Father. Now those inatanccs properly a 
will convince ynu, that a boJy once pu 
motion, would go on for ever, if it wet' 
compelled hy some external force to cban 
state. 

Charles. I perceive what you are got 
say : — it is the rubbing or friction of the 
bips against the ground which docs the bii8 
Fur un the pavement there are fewer obs 
thnn on the grave!, and fewer on the ice 
on the pavement; and hence you would le 
to conclude, that if all obstacles were rem 
they might proceed on for ever. But whi 
We to any of the ball, what stops that ?. 

Father. Besides friction, there is anothd 
Btill more important circumstance to be < 
into consideration, which afFects the ballj 
bles, and every body in motion. 

Charles. I unilerstand you, that is the si 
tion of gravitation. 

Falhtr. It is : for from what we said vht 

conversed on that suhjert, it appeared that 

[f'O' lias a tendcnry tl) bring cvcrj \>c«A'^ U 

' ■"/; to tbe earth; consenucntty , in a.^"!?* w» 
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■come fo the gi-oTinil by tliat caust 
pides the attrat'tiun of ^raTitatiun* 
Bistame wliich tlic nir. through 
I moves, makes to ils passage. 
t cannot be much, 1 think. 
4ia|tai with regard to the hall 
iuphrothpr*atrap,itisor no great 
fe because the velocity is but small ; 
great velocities, as that of a ball from 
or cannon, there will he a material 
between the theory and practice, if it 
ted in the calculation. Move your 
riding-whip through the air slowly, 
iserve nothing to remind you that there 
iating medium; hut if you swing it 
derable swilYnesH. the noise which it 
will inform you of the roiiHlance it 
1 from something, which is the atmo- 

. If I now understand yon. the force 
fipels a body in motion to atop, is of 
|b}. (t.) the attraction o|J|gravitation; 
■MJstanre of the air; — and (3.) thoa 
Hnaeets with from friction. 
^Ba are quite right. 
^Ehnve no diflimlty of conceivins 
^ in motion, will not cuute to a sta' 
it is brought to it by an external fore 
in it in Mime way or other. 1 ha 

ell, when sfcaifing on very »W\i^ 
Rt way ivitliout any cxcrtW^ to 
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himsclfy but where the ice was roughs he i 
not go half the distance without making 
efforts. 

Father. I will mention another instam 
two on tills law of motion. Put a basin of i 
into your little sister's wagon, and wkei 
water is perfectly still, move the wagon, an< 
water, resisting the motion of the vessel, w 
first rise lip in the direction contrary to tl 
which the vessel moves. If, when the moti 
the vessel is communicated to the water^ 
suddenly stop the wagon, the water, in ei 
vouring to continue the state of motion, ria 
on the opposite side. 

In like manner, if while you are sitting 
etly on your horse, the animal starts fon 
you will be in danger of falling off backv 
but if while you are galloping along, theai 
stops on a sudden, you will be liable 
thrown forward. 

Charles. This I know by experience, 1 
was not aware of the reason of it till fci-di 

Father, One of the first, and not least, ii: 
tant uses of the principles of natural philbc 
is, that they may he applied to, and will ex 
many of the common concerns of life. 

Wc now come to the second law of mi 
which is 5—-" that the change of motion m m 
tional to tlie force iin2}ressed, and in tlic dtn 
of t?iai JbrceJ^^ 
CAaries. There is no difficuW.^ xn VX\\%^ 



cricket-ball is rolling aldiif; : 
truck it) I strikv it again, it gats un 
Bed vclocitj'. aiiil tlial in lu-oiinrtiiti 
gth whic'li 1 exert on the occnsi' 
iWliile it is lolling;, I Htrike il \ 
;ivc it a aide liluw, 1 change tlid 
» course. ^^^ 

nllie same way, gravity, ami thew^ 
the Btmos|)here, cliangu the. direr* 
nun-ball from itscuui'se in a straigtit 
Hng it to the gi-ound ; and tiie ball 
rtiier or less distance in proportion 
tity of powder used. 
i law of motion is ;—*' that to every 
I hid}/ ujioii another, then is an equal 
f. iv^actiaa." If I strike this table, I 
e to it (which you pei-ceive by the 
ho glasses) (lie motion of qy h^ 
B re-^cts against my hand Ji^' 
' hand acts against the table. 
vsmii with yonr flnger one scalo-| 
keep it iu ei|iiiUbrii) with a pool 
e other scale, you will iierceive. that 
■essed hy thfi linger, acts against it 
D equal to a pound, with u*liich the 
oixleavours to descend, 
drawing a heavy load, is as much 
by the load as he draws it forward. 
I do not comprehend bow Uia cii.«t 
otve. 
tit the pvogresa of the IwT&e \'a V»- 



by the 
F-hqnd^JJ 
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peded bj tbe load, which is the same thing: 
the force which the horse exerts would cari^ ' 
to a gi'cater distance in the same timOf were 
freed from the encumbrance of the load^ 
therefore, as much as his progress falls shoi 
that distance, so much is he, in effect^ dm 
back by the re-action of the loaded cart. 

Again, if you and your brother were in a 
and if, by means of a rope, you were to a1 
to draw anotlier to you, the boat in which 
were would be as much pulled towards the ei 
ty boat as that would be moved to you ; and if 1 
weight of tlie two boats were equal, they woo 
meet in a point half way between the two. 

If you strike a glass bottle with an iron bi 
mcr, the blow will be received by the hami 
and the glass ; and it is immaterial whether 
hannner be moved against the bottle at resty 
the bottle be moved against the hammer at 
yet the bottle will be broken, though the hami 
be not injured, because the same blow, which 
suflicient to break glass, is not sufficient to bl 
or injure a mass of iron. 

From this law of motion you may learn 
what manner a bird, by the stroke of its wiii| 
is able to support the weight of its body. 

Charles, Pray explain this, papa. 

Father. If the force with which it strikes 

air below it, is equal to the weight of its 

t/wn the re-SLction of the a\r up>NatA^\^ Ukevifev 

equal to it ; and the bird beVn^ acXftdi wgwaNs) 
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Kftircea in contrary dirrctinns, will rest 

■i-o tlieni. ir llie force <il' tlie Mrokp is 

ill an its weight, the bird will rise with 

..jj^rence of Kicae two foi-ces ; and if [lie 

' } lc!M than its weigbt, tli^ii it willgitik 

klifference. 



CONVERSATION XII. 



On ^e Lbw9 of Motion. 



I 



. Are those laws of motion which you 

j yesterday nf great importance in »&• 

■ofiophy ? 

y Yee, they are, and should be carefufly 
id to memory. I'hey Wei's nsHumed by 

fcNewton, as the fundMrnctttal principles 
Schanics, and yoti will liiid tliem at the head 
U bonks written on these siibjocts. From 
e aboi wo are naturally led to some other 
irlifis of science, which, thouf-h we can 
slightly mention, should not be wholly ne- 
iLiit. They are, in fact, but corolUirUik :^ 

tof motion. 
What is a corollary, papa"; 
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# 

Father. It is nothing more than some ti 
clearly deducible from some other truth be! 
demonstrated or admitted. Thus by thej 
law of motion, every body must endeavour to i 
tinue in the state into which it is puti wfietheri 
of resty or uniform motion in a straight lint: fl 
\\\\\q\\ it follows as a corollary, <<that when 
see a body move in a curve line, it must be i 
cd upon by at least two forces/* 

Charles. When I whirl a stone round ii 
sling, what are the two forces which act u] 
the stone ? 

Father. There is the force, by which, if j 
let go the string, tlie stone will fly off in a lij 
line ; and there is the force of the hand^ wh 
keeps it in a circular motion. 

Emma. Arc there any of these circular i 
tions in nature ? 

Father. The moon, and all the planets ra( 
by this law i — to take the moon as an instan 
It hjis a constant tendency to the earth, by' 
attraction of gravitation, and it has also a t 
dency to proceed in a right line, by that p 
jectilc force impressed upon it by the Creal 
in the same manner as the stone flies from jy 
hand ; now, by the joint action of these two f 
ces it describes a circular motion. 

Emma. And what would be the consequen 
s})]})}mii}g the projectile force to cease ? 
/""af/ier. The moon must taW lo t\\^ ^^^ltW*, i 
yVt/jo force of gravity were to ceas^ wiWw^^ 



LAWS OF UUTIOK. 65 

I U would lly off into infinite space, 
tuc projectile force, wlien npjilied to tltc 
H, is called tUe cetttrifiigal I'ovce, as hnving 
jiiioy to recede or fly from tlie centre ; ana 
iicr force is termed the centripeUU TorcCf 
:is tendency to some paint as a centre, 
:rtes. And all this is in conscifnence uf tbe 
Kjty of matter, by which bodies lt»ve a ten- 
\» contiiine in tlio same atatc tlicy are in* 
! 1- of rest or motion? 

■ri'iT. Vou are right j and this principle 
:i Sir Isaac Newton assumed to lie in all 
-. he called their vis inertm. 
iirks. A few mornings ago, ynu showed ua 
he attraction of the earth upon the moon* 
i> times less than it is upon heavy bodies 
■ 111! earth's surface. Now as this attraction 
Hured by the space I'nilen through in a 

M time, I have endeavoured to calculate the 
\vhich the moon would fall through in a 
(i;. were the projectile force to cease. 

i./itr. Well, and how have you brought it 

'mrks. A body falls here 16 feet in the first 
ii'l, consequently in a minute, or 6U seconds 
iiild fall GO times 60 feet, multiplied by 16, 
IS 3(>00 feet, which is to be multiplied by 16; 
s the moon would fall tlirough 3600 times 
.-iiacc in a given time than a body U«i:j^ ^ 
" ' ]/ oaiy 16 feet hi the firal miiw " 
• See ConrcrsUioQ IV . 
F2 




Fallier. Your calculHtinn is accurate. -X 4 
iTciill to ymir mind the second )aw« by whic) 
ai>|ieai-s, tluit every motion ot change of moti 
protluccd in a body, must be proportional to, ami 
the direction of, tlie force impressed. Therefa 
il' a tnuvirig body receives an Impulse in tlie^ 
rvctiun of its mntion, its velocity will tie incrd 
eil; — if in tlio contrary direction, its voloci 
will bodiminialind; — but if the force be impi-e 
ed in a direction oblique to that in whtcli 
inoveSf tlicn its direction will be between ttiftt 
ibi furnier motion, and tliat of the new force 1 
pressed. 

C/iarlea. This I know from the observation 
have made witli my rricket-ball. 

Father. By this second law of motion, y 
will easily understand, that if a body at rest t 
ceives two impulses, at the same time, from f( 
CCS whose directions do not cuincide, it willt 
their joint action, be made to move in a U 
that lies between the direction of the forces ]l 
pressed. 

£tnmn. Have you any macliine to prove D 
satisfactorily to the senses ? 

Father. There are many such invented 
different persona, descriptions of wiiich ] 
will hereafter find in various books on these ni 
jects. But it is easily understood by a fi^ 
If on the ball a, (Plate ii. Fig. 14.) a force 
latjiressed, sullicient to m»,Vi.tt U, move with 
itatform veiocity to tUeyoiato* xu^iiw "^ 
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time ; and if nnollicr ftirec be also impressed o 
tlie ball, wliirli -tlonc would make it move tu thi 
pnint c, in Uie same time { tlie bull, by means a 
the two forces, will describe the line a d, whici 
ia a diagonal of tlie figure) whosti sides arc a I 
and A B. 

CharlCH. How tiicn ia motion proilnred in thi 
direction of the force; arcording to tlie seront 
law, it ouglit to be in one case, in the directioi 
A c, and in the otiier, in that of a b, whereasi i' 
ia in that of a d f 

Fatlter. Examine the figure a little attentive 

ly, carrying this in your mind, that fur a bodj 

tu nmve in the same ilirection, it is no( nerrasar] 

tlmtit should move in the same straight line; bu 

tliHt it in sufficient to move either in that line, a 

ill liny one parallel to it. 

f'hiirles. I perceive then that the ball whei 

iiiied atD, has moved in the direction a c, be 

isr B D is parallel to a c ; and also in the di 

linn A B. because c d 1^4 parallel to it. 

I'lilher. And in no other possible situation bu 

tiie point D could this experiment be confur 

'' |')l? to the second taw of motion. 
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CONVERSATION XIII. 



On the Laws of Motion. 

Father. If you reflect a little upon 
said yesterday on the second law of mt 
will readily deduce the following co: 
(Plate !!• Fig 14.) 

1. That if the forces be equal, and ac 
if angles to one another, the line describ 

ball will be the diagonal of a square. '. 
other cases, it will be the diagonal of 
lelogram of some kind. 

2. By varying the angle, and the fo 
i vary the form of your parallelogram. 
J Charles. Tes, papa ; and I see ano 

sequence, viz. that the motions of t\ 
^ acting conjointly in this way, are not 
as when they act separately. 

Father. That is true, and you are ] 

conclusion, I suppose, from the rec 

that in every triangle any two sides t 

gether are greater than the reinaini 

T and therefore you infer, and justly too 

^ motions which the ball a mudt have 

A Ad the , forces been appVv^A h^i^^t^AaI 

iare beek equal to ▲ c auOi jl b> ot^ "i^^ 
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filing, tn A t, Binl V ii, llii* twn siilcs of the 
i;i,'le A n r. but by tbcir joint action the rao- 
' \-< only ei^ual to * n, Ihc i-cinHiiiing side of 

iiini-^ tlion T«u will rrmembrr, that in the 
jhUfitiun, or adding togjcUicr of furres, (: 
is called,) tuotiotiis always lust : and in the 
"Kffatt of any imc loire, ax \ a, ititu twn 

I rs A c nnd A II, inotinii is p:airn'tl, 

■ i'.iirtea. Well, pajia, but Imw is it that the 
n'ldy bodies, tlie moon for instance, vvliirh is 
'■ lli'd by two forres, performs iier miitlun in 
'Hilar curve round the earth, and not in a 
-niiaJ between the direrlion iiTthe projectil 

' uiid that of the attraction of gravity to the 

hiiher. Because in tlie case just mentioned 
' was but the action of a single impulse in 
'■• ilirert.ion, whereas the anion of gravity on 
iimon is continual, antl caiiwea an acrclera- 

luitiun. and hence tlie line is a curve. 
■■<irks. SiippoHint^, tben, that A represent the 
II. and A V (he sixteen fuel tbroui^h which it 
1(1 tall in a second by the attracion of gra- 

('hWurd.« Uie earth, and A B rppresent t^io 

I I lije force acting upon it for t!ie sntiic time." 

■ II and A c Bctrd as single impulses, the 
■II would in tlliit case describe llie diagonar 
■ Imt since these forres hw ciwsImx^Vij 
iiiiit ttiiit orffi-iivhy JH an arr-cU\-ftVvi\^^» 




I ihe moon will be drsLwn into llie curve lini 
Do I iinilci'sttinti the mntli^r Hglit? , 

Father. You do; and hcncv you casJI, 
prehcnd how, by good instruments and c 
tiont the attraction uf tite earth upon the 
was discovered. 

Tlie third law of motion, viz. tltat acfit 
re-action are equal and in contrai~tf din 
may be illnstiated by the motion cnmmun 
by the percussion of elastic and non-etas 
dies. 

Emma. What are these, pajia 7 

Fat/ter. Elastic bodies ai-e those wliicl 
a certain spring, by which their parts, 
Ireiiig pressed inwards, by percussion, i-et 
their former state ; this property is eviilei 
ball of wool or cotton, or in sponge compi 
JVbn-ela$tic bodies are those which, wn< 
strikes another, do not rebound, but mo 
gethcr after the stroke, 

Let two equal ivory balls a and 6 be susf 
by threads; if a{Pi.ATB ii. Fig. 15.) bei 
a little outof the perpendicular, andlet fal 
. b, it will lose its motion by conimunicatin 
b, which will he driven to a distance c, u; 
that through which a fell ; and hence it a] 
that the rc-aetion of b, was equal to the 

I of a upon it. 
i Emma. But do the parts of the ivorji 
teild by the stroke, or, aa ^ou. <:«ll it, * 
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■,!wr. Tbey.itu ; 1.11' il' I \ny a liltic paint oil 

:i^iil )e( it. loiich b, it. will make but r ver^ 

' ill jprck upon it: but if \l Jail iipuii b, Ui( 

<k will be much larger; wbicli proves that 

tialls ai-e elastic, and tliat a little hollow, ol 

-.r. WHS luadein carli Itj' collisiuM. If now 

,!ial soft halls of clay, nv glazier's puttyi 

»liich are non-clai^tir, meet eaclt otliet- with 

n|uul velocities, they woulil atop anil sticic 

iiijji^ltier at the place of tlieir iiiet;ting, as their 

Mutual actions destroy each otheni 

Charles. 1 have suuietinie» shot my white 
iilli^y against another marble ho pliiinplyi that 
(111 marble lias gone off as swiftly as the alley 
"lliniiiclvtl it, an(lt]iatretnait)ecl in the place ol 
■ !ln- niLuliti'. Are niarUlus, tho'efore, as well as;: 
l(v,„.j...!..-ljc? 

F(i//,! ( . I'licy arc. — ir three elastic balls, a^ 
',■- {\'\.<u- iir. Fig. 16.) be huug from ailjoiii* 
I in; n iifiis. anil c be drawn a little out of tlifl 
K'p'ii'iii iil»r. ami let fall upon b, then will c 
^nilii ii.'i iriie stationary, and a will be driven to 
I "< lilt' iL jLi.ine tlu'ough which e fell upon b. 
"■ ir > nu liiiiig any number of halls, as nix, eight, 
'I ^1. Ml Its tn touch each other, atid if you draw 

1 *' 11! -nil p away to a little distance, and then 

; 'ii It >.\\\ r |ii 111 the olhcrs, the ball un the opposite 

! !" ^']ll ift.' driven off, while the rest remain 

uiiary, so cr|ually is tlie action and \ 

JO of ihe «Mtiojiiiry balls d\viAe& ws«»'o 

■.■.^*. ^.Ui^.a^^ iiUBaer, \i i\<o »:& ^it« 



4 *^ 



e MECHANICS. 



aside and suRored to fall on the rest, tl 
site two will fly off^ and the others rem 
tionary. 

There is one other circumstance dei 
upon the artion, and re-action of bodi 
also upon the vi% inertice of matter, wi 
ticine: : hy Fome authors you will find it 
treated upon. 

If I strike a hlacksmith^s anvil with 
mer, action and re-action houig equal, 
vil strikes the hammer as forcibly as tl 
mer strikes the anvil. 
I If the anvil be larjs^e enough, I migli 

I on my breast, and suffer you to strike it 

sledge hammer with all your strength, 
pain or risque, for the vis inertice of ti 
resists the force of the blow. But if tl 
' were but a pound or two in weight, yo 

Would probably kill me. 



MKCiUMt-iL rwWEKS. 



( ciNVERSATlON XiV. 



'in llic Mcctiiuical Puwepi, 

''■■arks. Will you now, papa, explftin the 

!i:iiikal powers; 

i.'.'jcr. I will, and I Iiopc you liave not for- 
' I Mie mmneuhan of a hniy is. 

^<l; it i» l\w for-ee of a moving 
lorco is to he etitiraatcd by ths 
iijilicd into its vcli>city. 
' .''itr. I'licri a siiiiil) Uotiy tuny bave an 

il iiinmciitum with ont miirli larger? 
' 'iiirlex. Yi's. provtiletl Iltp Hinaller bodjr 
IPS as murli swilU-r than tlie larger one, 

^M<i^bt of the latlur is greater than tbM of 

I' 1 Pine p. 
: ■I'her. What ilo yim incnn when you say* 
; 'inn hoiiy moves swifter, or has n greater' 
■: ily than another. 
"i.nries. That it passes over a greater apactf 
fc same time. Vourwiitrh will explain my" 
'viing: thu minute'hand liriivela round the 
■ I'liie in an hour, but the hour-hand takes 
I ; c lit>ur!< ia peri'orm its course 
jiilytJw re/orify wf the mm«te-\\an4\%ts«^ 

V greater than f Jiat of the \\oUt->a»!(A\ 
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cause, in the same time, viz. twelve hoarst 
travels twelve times the space that is gw 
through by the hour-liand. 

Father. But this can be only true on the so] 
position, that the two circles are equal. In ■ 
watch, the minute-iiand is longer than the otha 
and, consequently, the circle described by it i 
larger than that described by the hour-ham 

Charles. I see at once, that oiy reasonifl 
holds good only in the case where the hands ai 
equal. 

Father. There is, however, a particular poii 
of the longer hand, of which it may be sail 
with the strictest truth, that it has exactly twd* 
times the velocity of the extremity of the shortei 

Charles. That is the point, at which, if tt 
remainder were cut off, the two hands would I 
equiil. And, in fact, every different point of tl 
hand describes different spaces in the saB 
time. 

Father. The little pivot on which the tn 
hands seem to move (for they are really mov« 
by different pivots, one within another) mayk 
called the centre ofmotioih which is a fixed point 
and the longer the hand is, the gi'eater is tk 
space described. 

diaries. The extremities of the vanes of 

wind-mill, when they are going very fast, ti 

scarcely distinguishable, though the separaf 

parts, nearer the miW) are ^AB\\>f dLva&Qcueu ; thi 




tt-nwbir to tlio velority of Ihc cxtreniUios being 
10 Rmch greater tlian tUat of tiie other parts. 

£inina. Ditl ijot the swiftncMfg uf the round- 
aImuIs. which \tK saw at Ilir fuir, di-prnd on tbe 
BRuic prinriitle, viz. tht.' Icnj^tb of the pules upon 
which the seats were fixed J 

father. Yes, the grpateL'lhedistanceatwWch 

llieae seats were phicetl ri-om the centre of mo- 

fiim, the greater waa the space which the JittJe 

tiOTS and giila travelled for their half-penny. 

f'liiitia. Then those in the second row hail a 

!'i- ride for their money, than those at the 

'li' the poles. 

:iiher. Tea. shorter as to space, but the same 

» lime. In the same way, whfn you and 

i:'Ie9 go round the gravel-walk for half an 

<\ exercise, if he run, while you walk, he 

. jierhaps, have gone six or eight times 

i<{. in the same time that you have be«n but 

■ or four times ; now, as to time, your ts- 

' lias been cf|ual, hut he may have passed 

<hmble the space in the same time. 

' tii-les. How does this apply to the explana- 

nI the mechanical powers? 

iHicr. Vou will find the application very 

>— without clear id<.'as of what is meant by 

and space, it were in vain to expect you to 

' '[iiflicnd Die principles of mechanics. 

ThcfP arc six nieihanical powei-s. The lever ; 

(hf wlipfl/ and axle ; tiie (mUey ; ttxc VaOCvoR.^ 



_ ; Etnma. Wliy arc tlicy called lueclum 
powers? 

Fattier, BccKiieo, by their n^aim we «et\ 
Iileil mechanicnUy to raiso ^^Tig^ts, move tH 
budicSf anil uicrcoiiio resistaiiCL's, wtiiclii 1 
out tlicir aH»istiiiirc, ciiulil not lie dotio. 

CfiarUs. But U tliero no limit tn Uie U 
ance gained by tlicse powers f lor 1 i-eiMB 
reading of Arcbimcdes, wliii said, thittwi 
plan; for his fulciuni be would move tlie a 
itaelf. 

Father, Haman power, witb all the asaistl 
which art can givf) ia very ttoou liiniti!il>' 
Dpon this principle) that witat we gaining 
■we iose in time. That is, if by yoar own 
asaJKted strength, you arc able to raiss 
pounds to a certain distance in one miniitfli 
if by the help of machinery, you wish to t 
SOO pounds to the same beigbt, you will pi 
ten minutes to perform it in; thus you incn 
your power ten-fold, but it is at the oxiraiM 
time. Or, in other words, you are enable 
do tbat with one eRVirt in ten minutes, wll 
ynu could have done in ten separate effortt 
the Kamc time. 

Emma. The ini|Kii-tftnre iif mechanius, I 
is not so very cimsiderable as one, at fii-Rt Jij 
would Imagine; since there is no veal gti^ 
force uainin-A by the mechanical powers. 

Father. Though ttici-c be not any actual 
Tease offeree gainud by these powers ; yet, 
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% whtcli men ilenvB from them are in* 

■' "trtlilp. If tlici-0 are several small weights, 

,-caHe by human sti-ength, to be raised to 

I liii lieiglit, it maj' be full as convenient to 

■:-r ilicm one b; one, as tu take tbe advan- 

• ! the inreliHtiical powers in raising tlietn 

< jiice. Because, as we bave sltown, tbc 

i-t: time will be necessary in both cases. But 

[)jK)«e you have a large block of stone of a ton 

^glit to carry away, ur a weight still greater, 

lAt is tu be. done? 

'■(ima. I did nut think of that. 

:iitr. Bodies of this kind cannot be sepn- 

Mifu parts proportionable to the human 

i^Ili without immense labour, nor, perhaps, 

Ki rendering them unfit for those piir|>oaos 

luh tiicy are to be applied. Hence then yoii 

I vc tbc great importance of tbe mechanical 

I '•. by the use of which a man is able with 

!■• matiage a weight many times greater 

'limaeli'. 

' .'i'/(!s. I have, indeed, seen a few men, by 

cans of pulleys, and seemingly with no very 

%st exertion, raise an enormous oak into a 

mKer-rarriage, in oi-der to convey it to the 

-!: yai-d. 

'icr. A very excellent instance ; for if the 
'<;id been cut into such pieces as could have 
» ma naged by the natural strength uf these 
^twould not have been woi-tli carrying to 
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Deptford or Ciiatham for the purpose 
^ building. 

Emma. I acknowledge my error ;— 
fulcrum, papa ? 

Father. It is a Jixed pointf or pro 

which the other parts of a machine m( 

Charles. The pivot, upon which the 

your watch move, is a fulcrum then. 

Father. It is, and you remember iye 

i also the centre of motion ; the rivet 

I scissors is also a fulcrum. 

I Emma. Is that a fixed point or pro] 

I'! Father. Certainly it is a fixed point, 

f gards the two parts of the scissors ; fo 

I ' ways remains in the same position,' 

r ' other parts move about it. Take the ] 

i' ij etir the fire ; now that part of tiie bar 

the poker rests is a fulcrum, for the pol 

ijEji upon it as a centre. 

f 
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L CONVERSATION XV. 



Of lite Lever. 
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! will nnw considci- ttic Lever, 
^nei-ally called the first uicchanicat 

uriaany inflexible bar nf wood, iron, 
lerves tu raise weights, while it is Bup- 
point by » pru(i or t'ulcnini. on whicht 
pe of motion, all the otbcr parts turn. 
III. Fig. 17.) will represent a k-vcr, 
int CI the fulcrimi or centre of motion. 
evident, if the lever turn on it8 centre 
|.c, so that A comes iuto the jtottition a ; 
le time must come into the [losition b. 
aiins of the lever be equal, that is, iC 
to B c, there is no advantage gained 
they pass over equal spaces in the same 
according to the fundamental priuci- 
y laid down (p. 7fi) '* aa advantage or 
l^ned, time must be lost :" therefore, 
sing lost by a lever of this kind, there 
Ifovnr gained, 
Wby then is it called a mechanical 

Strictly speaking perhaps it ought not 
one. Batit i& oattBttn TOndmwJl 
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anion;; tliein, having the fulcrum between 
weiglit and llie power, wliich U Die distinguisl 
properly of lovers of tlie first kind. And when 
f'utcruRi is exactly the middle point between 
weight and power, it is the common balance:' 
whir)), if scales be suspended at a b, it ia fit! 
for weighing all sorts of commodities. 

Evima. You say it ia a lever ofthejirsi ki 
are there several sorts of levers ? 

Father. There are three sorts ; snmo pen 
reckon four, the fourth however, is but a be 
ed one of the first kind. A lever of the, 
kind (Plate til. Fig. 18. 19.) has the fulc 
between the weight and power. 

The second kind of lever ( Plate iii. Fig. : 
has the fulcrum at nne end. the power at 
ntlier, and the weight between them. 

In the third kind (Plate iii. Fig. SI.) 
power is between the fulcrum and the weii 

of LeviiHa fiuwtra the difleri'iit a<ji1s lire Ihre^ 
The first in stee]'}>aRls and in scales you see j 
The I)c9t luid leeond is the miller's Utt, 
Where/Jouwand/ufeMtmloeach end you shift t 
And in the third, the worst of sfl, my fi-icnd. 
You find the waght s.nd/iikrum at each end. 

Let us take the lever of the first kind, (Vi 
18.) which if it be moved into the position i 
by turning on its fulcrum c, it is evident 1 
while « has travelled over the short space i 
a has travelled over the greater spacea b^ wtj 
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6 to Qtie anotitcr, exactly in proporlioit 

sn^th of the acms a c and a c. 11' now 

kii apply your lianil first to ittc )i[init At anil 

leTMarilH to H. in uricr to move thu Icvur into 

" iiDsitiun a b, usitig the Hnme velority in ItDth 

. vou will liiidttiat the time spent in itmiiiiii; 

■\':f wlien tlie liand in at b. \iH\ bi- as munli 

.11'. n» tiiat spent wli^n the lianil is at a, as 

III H r is longer than the arm * c, but theii 

^ rtioti rcijuireil will, in Uie same prcipoi'' 

III' less at B than at a. 

'■Dies. Theannn c appears to be fourtimcn 

nt;thotA c. 

'.'iiT. Then it is a lever which gains power 
I jirnportion nf four to one. That tui, a sin- 
iiiiid weight applied to the end of the arm 
I. at e, will balance [oup pounds suspendcil 
. .1" w. 
'.Hen. I have seen workmen move large 
iif timber to very small distances, hy 
. oI'h long bar of wood oi- iron; ia that a 

/icr. It is; they forre one end of the bar 

I Ihe timber, and then plare a block of wood, 

, .'i.e. beneath, and as near the same end of 

MT as possible, tor a fulcrum, apjilying 

'M'O strength to (he other : and jiower is 

1 in in-oportion as the distance from tha 

iuiii til the part where the men ajiply their 

iciijuih, is greater than the distance from the 

>lcrimi to that end under the liuihei'. 







no, MGCIIANICS. 

Charles. It must be very consicterablet i 
liave seen two ot- three men move a tret), [ 
way, of several tuns weiglit 1 BitoiiliI tliinfc. 

Father. Tliat is ni't. <lilfirult ; for suppoet 
lover to gain the advaiitn^e oi t wcHty to onv 
u man by his natural stron^th is able lotnovs 
a hunilrctl weight, be will tiiid thatby a leve 
Ibis sort, he can move twenty hundred WAJjpM 
u ton ; but for single exerlioiis, a stmng n 
can put forth a much greater power, than t 
which is sufUcicnt tu remove a hundred weig{ 
and levers are also frequently used, the kdt 
tagc gained by which is still more uonsidf 
than twenty to one. 

Charka. I think you said, the other day, I 
the common steel-yard made use of by i 
butcher, is a lover. 

Father, I did ; the short arm a c (Plate f 
Fig. 19,) is, by an inci-case in size, miiltf 
balance the longer one B c, and from c, tlieo 
tre of motion, the divisions must eommfll 
Now if B c be divided into as many parts t 
will contain, each equal to a c ; a single wei 
as a pound p, will serve for weighing any ti 
as heavy as itself, or as many times heavlfl 
there are divisions in the arm c. If the wa 
F be placed at the division I, in the arn 
will balance one pound in the scale at a : if 
removed to 3, 5, or 7, it will balance 3, 5, 
pounds in the scale ; for these divisions l 
^ j'espcctivelf 2, S^ or 7 times the distance £t 
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f mntion c, that a is, it becomPs a 

b f^aifls advantage at tliose jmintH, itt^tl 
:)rtiuii of 3. 5, and 7. If now tlie intervals 
mi tho divisions on the longer arm he stib- 
ed into lialves. quarters) 6iC. uny weight 
Ijc accurately nscei-tainecl to halveS) ijunr- 
>r pounds, &c. 
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. What advantage has the slecl-j 
li you deaci'ilied in our last conversatioTTi 
a pair of scales? 

ther. It may be raucli more reiidily remov- 
jm place to place j it requires no apparatus, 
mly a single weight for all the purposes to 
ii it can be applied. Sometimes the arms 
mt of equal weight. In thai case the weight 
M be moved along the arm b c, till it exact- 
lance the other arm without a weight, and 
t point a notch must be made, markup 
^ % cipher Oj from whence the divHlf 
' mence. ' 
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Ckarlas. Dues there require great accu 
I the muniifacture of instruments or tliis k 
Father. Yes, of such importance ia il 
public, that there should bu no error or fi 
iiieaits el' false weights or false balances, 
is the business of certain puhlic officer! 
amine at stated seasons the weights, me 
&c. of every shopkeeper in the land. Y 
(o be feared that after all precautionsi 
fraud is practised nn the imnuspccling. 

Emma. I niie daj last tjummer boueh 

suppoAi'd, a pound of cherries at the do 

CliiiHcs thinking there wore nut a pou 

tried thetn in your scales and found hut 

ounces, or tln-ee quarters, instead of a 

and yet the scale went down as if (he n 

given me full weight. Uow was that ma 

Father. It might he done many wa, 

Bliort weights; — ur hy the scale in wl 

fruit WHS put, being heavier than the u 

hilt fraud luay ho practised with honest ^ 

and KraleH, by making the arm of bah 

which the weights h»ng. shorter than thi 

for then a pound weight will be balance 

,^ much less fruit than a pouinl, us ttiat 

^_ ijhurtcr than the otiier; this was probit 

^Linctbod by wbidi you were cheated. 

^^^ Emiaa. By what method could I ha 

^^pc9reiT<d this chuat i 

^a/aaced, but wlien loaded, tWus\i»v:>a 
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dgtits are ancquAlj am) flic deceit is 
acovereil Uy dimigiag tlie weiglile to 
; sc«1ph, I will pve you a rule to tirid 
'eight of »iiy body by sucli a hise 
reason of tlic ruli; you will uiiiler- 
ler: " Find tlie wtights of the body 
i, multiply tkem (ojcf/ter, ami fhen 
ire root of the product, ivhicJi is tt^e , 

het me see if I undoi'stand the rule : 
Ody weigh leuimc-eHinntiuscale, and ' 
'ISouuccsand a i|iiarti:r, I niultijily 
id a quartui-, and I get lite product 
lare root of which is 14 ; for 14 mul- 
itedf gives 196 ; therefore the trno 
he body is 14 ouiiceH. 
That \s juHt wimt I meant. — To the 
le first kind may he releired many 
Criimeiits, such na scissors, pincera, 
, which are made by txvu level's act- 

Bt« line Huotlipr. 
h« rivet is the fulcrum, orrentrc of 
I liand the power usuri, and wlialevnr 
i ia the i«.ii^tance tit be overrouio. 
A pokrr wtirring iUv lire is also a 
he bar is Ihi; f'likium, the hand the 
the noaltt the I'Dsistance to be. aver- 

We now prorretl tu lc\crs «^ ^^^ft w.- 
ia whkit tliu fulcrum c iVvij. ^^u^Xs 



■t Olio cnO, tlie pnwei- 1> njiplictl at tl 
Bid the weight to be raised w, somewbi 
Ween the lulctuin and tlie puwui-. 

CkartCK. And linw is tlio advantage gti 
be esliiiiated in tliis lever i' 

Futher. By luukiiig attlic figure you wi 
tliat power 01- advantage is gained in prop 
as tlie distance Bi tlie point at wiiicli tl|C)K) 
acts, id greater than the distance ol' the wei 
from the I'lilcrnm, 

Charles. Then if tlic welglit hangaton 

from the fulcrum and the power acts i 

inches from it) the (mwcr gained Is five t 

^or (inc pound at r will balance five at w. 

^L Fallier. It will ; for you perceive thi 

^Bower passes over five times as great a df 

^Rhc weigiitt or while the point a in the 

I^Tnoves over one inch, the point a will mov< 

five inches. 

Mmma. Whatthinssin common use an 

[^referred to the lever of the second kind i 

W^L Father. I'lic inusi common and useful 

^Kings ; every door, for instancci wliicb 

^nnbin^sisaleverof thittKort. The hiagt 

^Ti,e considered as the fulcrum or centre of m 

the whul» door is (he weight to he muvci 

Uie power ih applied to that side on wliii 

I lock is usually fixed. 

"■ JSmma. Now I seo the reason \vhy tl 

tes/dei-abJe (iillicuUy \w5via\v»v£ w^m^*- 
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-*-. ir Ilie liaml h ai>\AM tu the iiart ncitt ihc 
-;ls, altiinugliUtna}' beii)ient?il witli tlingrcut- 
:isr ill (lie tisuitl inettiuil. 
'■:^Mes. Tliis sulit. with ahter upon it, rcprc- 
- ;i lever of the sctniid kincl. 
■iilicT. Certainly, it' while, she is Hilliiij^ upon 
M the middle, you raise one end, whilt; thit 

I i-remainslixcdnsaprnparfulcniui. To thU 
! iif lever ma; he also reduced niit-( rackera ; 
; rudderoofHhips; those rutting knives wfaicb 
onu eiid fixed in » block, such as are used 
< iittirig chair, drugs, wood tor patleus, &c. 

'anna. 1 do not see how oars and rudders arc 

' J s of this sort. 

"■tthcr. The boat is the wcipht to be moved, 
i^^ter is the fulcrum, and the waterman »t 
ii:indlt; tlie power. The masts of ships arc 
k'vers of the second kind, for the bottom of 
ifssel is the fulcrum, the ship the weight, 
'U<^ wind acting against the sail is the mov- 
|ii>wer. 

: lio knowledge of this principle may be useful 
liny situations and circumstances iu life: — ' 
II men unequal in strengtii ha*re a heavy 
\ii to carry on a pole between them, thu 
:i y of each may be consulted by placing the 
'< II as much neat-cr to the tttronger man, as 
■I length is greater tlian that of his partner. 
.'Jima. Which would you call tliovn'o\i in this. 
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nearest to hiniy and tlien the >\ 
considered as the power. A£;a 
may be so yoked to a carriage 
draw a part proportional to his s 
viding the beam in such a ma 
point of traction; or drawing, m 
nearer to the stronger horse than 
as the strength of the former exc 
latter. 

We will now describe the thir 
In this the prop or fulcrum c ( 
one end, the weight w at the 
power F is applied at b somewh< 
prop and weight. 

Charles. In this case, the weigl 
from the centre of motion than t 
pass through more space tlian i1 

Father. And what is the < 
tliat ? 

Charles. That the power m 
than the weight and as much grc 
tance of the weight from the pi 
distance of tlie power from it, ths 
a weight of three pounds at a, th 
the exertion of a power p, ac tin] 
five pounds. 

Father. Since then a lever i\ 

disadvantage to tlie moving powi 

dom used, and only in cases of i 

^s in that of a ladder, \\\ue\\ V^v!" 

end against a wall or otticr o\ 
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fa nan's arm raised into a porpendi- 

kidan. But the mnat Jnijiorlflnt ajipli- 

rtliis tliiril kinil of lever, ia inanifcflt in 

Iture of the limbs of aniiiiulM, jiHrticu- 

ttliosc of man ; to take the ai-m as an 

KLf : wtien we lill a weight by the hand, it 

> ii-il by niears of musclea coming from the 

iliItT blade, and terminatini; about one-tenth 

r.ir below the elbow as the hand is: now tbo 

iiw bting the centre of motion round which 

I.Mver part of the arm turns, according to 

principle ju.st laid down, the niusrics must 

* :i force ten tiroes as great as the weight 

\-- raised. At first view this may appear a 

I' mintage, but what is lost in power is gnin- 

ifi velocity, and thUN the human figure is 

ii-i- adapted to the various functions it has to 




90 M£1CHA17IC8. 

Emma. The lever gains advantage, i 
portion to space passed through by the ; 
])ower ; that is, it' tlie weight to be raised 
the distance of one inch from the fulcrun 
the {Yower is applied nine inches distant fi 
then it is a lever, which gains advantage 
to If because the space passed through 1 
power is nine times greater than that ] 
through by the weight; and, therefore,. iv 
lost in time by passing through a greater 
is gained in power. 

Father. You recollect also, what the dij 
kinds of levers are, I hope. 

Emma. I shall never see the fire stirred 
out thinking of a simple lever of the first 
my scissors will frequently remind mc 
combination of two levers of the same 
Tlie opening and shotting of the door, wi 
vent me from forgetting the nature of the 
of the second kind, and, I am sure that ] 
never see a workman raise a ladder ags 
house, without recollecting the third s 
level*. Besides, I believe a pair of tong 
lever of this kind. 

Father. You are right ; for the fulcrun 
the joint, and the power is applied betweei 
and parts used in taking up coals, &c. — Ci 
Charles, tell us how the principle of mom 
applies to the lever ? 

CharUs. The momentum %( a body h 
mated by its weight, malti^lied into its vd 
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^^Bian that of tlie axis ; this inuiliinr. may 

^Btiri-ed to tlic pt'iiiri|)lo ut the lever, ab ( 

^tli. Fig. 23.) is t\n- whei^il, ft o its axis, A 

' the circiinifcrenCT of the wheel be eight tin 

great as tint of the axis, then a single pou 

will balance a weight Wi of eight pounils. 

Charles. Is it by an instrument of this 

that water is drawn from tbnse dee]) we 

common in many parts of the cnuutryf 

Father. It la; but as in motit cases o: 
kind only a single bucket is raised at 
tliei-e requires but little power in the open 
and therefore, instead of a large wheel aa 
an iron handle lised at b is made use of, w 
you know, by ila circular motion, answei 
purpose nf a wheel. 

Charles. I onee raised some water by.i 
cbine of this kind, and I found, that a 
bucket ascended nearer tlie top the diffi 
increased. 

Father, That muat always bo the case, 1 
the wells arc so deep as to cause, in the a 
the rope to coil more than once tlie length 
axis, because the advantage gained is in pr 
tiun as tbccircitinfcrcnceof the wheel is gi 
than that of the axis ; so tliat if the circui 
ence of the whe*l be 12 timea greater than 
of the axis, I pound applied nt tlie farmei 
ttalance 13 hanging at the latter; but b; 
coiling of the rope round the axis, the dii~ 
betweea tjie cii-cumfci-ence ol tto, ' 
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Sat of tlie axis continuallj iliiniiiislics, coiise- 
]KBnt]}' tiio advantiigc gained is le.ss every time ' 
a new cuil of rojie is wounil on the whole len^h 
> Hie axis ; tlfis explains wh^* the tlifliciiUj' ot ' 
ling the water, or any other weight, in* ' 
.11^9 as it asceiiiN nearer the top. 
I'hurles. Then by iliminishing tlic axig, or by 
imieafjing the length of the handle, advantage ' 
i^ Snined ? 
fiilhcr. Yes, by cither of those metliods you 
1 1 icain power, but it is very evident, that the i 
- cannot he diminished beyond a certain liiniti , 
ijiiut rendering it too weak to sustain the , 
, -x^ii^tit ; nor can th(^ handle be managed, if it he .■ 
(wati'ucted on a scale much larger than what ia J 
EPRiiDonly used. 1 

CAflries, Wc must, then, have recourse to the " 
ieel with spikes standing out of it at certain 
Ranees from each other to serve as levers. 
Father. Vuii may by this means inci-eaBe your 
Wcp according to your wish, but it must bfl at 
leexpense of time, for you know that a simple ■ 
■ndle may be turned several times, while you 
"tr pulliiit; the wheel round once. To the prin- 
jli i^the wheel and axis, may be rel'err'cd tbb I 
kin windlass, and all those numerous kiiidu 
'■anes, which are to be seen at the differentl 
.i'vcs un the banks of tlie Thames. I 

'.'I 
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The order given, up-spring-ing with a b 
They lodge the bars, and wheel their e 
At every turn the clanging pauls resoii 
Uptom reluctant from its oozy cave 
The pond'rous anchor rises o'er the ws 

FALCoin 

Charles. I have seen a crane, 
of a \<^heel large enough for a n 

Father. In this the weight of tl 
(for there are sometimes two oi 
moving power ; for, as the man i 
the part upon which he treads bee 
est) and consequently descends ti 
est. On the same principle, you 
door of many bird-cage makers, 
"weight, give a wicker cage a ci 
now, if there were'a small weigl 
the axis of the cage, the bird by it 
draw it up, for as it liops from tli 
the next, its momentum causes t 
II $11?. And thus the operati(m is perfori 

regard to the cage, and to thos 
which you have seen. 

Emma. Is there no danger if t 
to slip ? 

Father. If the weiglit be ver 
with the foot may be attended 
gerous consequences. To prevei 
is generally fixed at one end of 1 
wheel G, (Fig. 22.) called a ratch^ 
a ratch h^ to fall into its teetli ; 
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_ _Wpt the weight in case nf an accident. 
trnVxt instead of mmi walking witliin tlic 
ivhecl, cogs arc nvt round it (in the outside, 
small trundle wheel made to work in the 
■.un\ to be turned hy a winch. 

' cs. Are there not other sorts of cranes 

li all danger is avoided ? 

ir. The crane is a machine of Ruch im- 
lic to the commercial concerns ofthia cmin- 
i;\l new inventions of it are cantinuallj 
\ to the pnbtic : I will, when we go to the 
y, show jou in the lOtli vol. of the Trans- 
« nj* thu Society for the Kncouragement Qf 
ind Sciences, an engraving of a safe, and, 
:ve, truly excellent crane; it was invented 
friend of mine, Mr. James White, who 
sed a most extraordinary genius for me- 
:s, and who formerly offered hi« services to 
e Duke, then at the head of the Board of 
,nce., hut they lieing rejected, he went to 
mtiiient, where he is very prolitahly exer- 
" "ft talents. 

» But you said that this mechanical 
'^t he considered as a lever of the first 

11 did ; and if you conceive the wheel 
Tig. 22.) to he cut tlirough the middle 
|ction A B ; F c B (Plate in. Fig. 33.) 
iwnt a seclion of it. a n is a lever, 
f motion is c ; the weight w, sus- 
^6 rojie A w, is applied niWii to^Xwiw.* 
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c Ay the radiua of the axis ; and the po 
acting in the direction b p, is applied at! 
tance c b, the radius of the wheel: therefoi 
cording to the principle of the lever, the 
will balance the weight, when it is as mw 
than the weight, as the distance c b is n 
than the distance of the weight a c. 



CONVERSATION XVIII. 



Of the PuUey. 

Father. The third raeclianical power, tl 
ley^ may be likewise explained on the pri 
of the lever. The line a b (Plate iv. Fi 
may be ronceived to be a lever, whose an 
and B c are equal, and c the fulcruin, or • 
of motion. If now two equal weights w 
he hung on the coid passing over the pulley 
will balance one another, and the fulcrui 
sustain both. 

Charles. This pulley then, like the co 
balance, gives no advantage. 

Father. From the single ^xcd pulley i 
^/idiucoJ advantage 18 dmv^4-, Itis^ nevert 



(IE THE PULLEY. iT 

Mat importance iti cliangiiig tlic ilii-<!cliuii ot' 
ii power, and ia very much uacd in buildings Tor 
■Irawing up small woigliUt it being mu$h easirr 
fnr a man to raiao sucli burdens by tueans of a 
single pulleyi tlian to carry them up a long I«d- 
iltr. 
Kvima. Why is it called a mcclianical power E 
Piitlier. Tiiougb a single fixed pulley gives no 
silvantagf, yet wlieii it is not fixed, or wlicn two 
more are combined into what is called a system 
"1 |iiilleys, tliey then possess all the properties 
"Ctlw otlici' meclianical powers. Thus in v. n a 
{Vhte IV. Fif-. 23.) c is tlio fulcrum, therefore a 
Imwer p, acting at u, will sustain a double 
Wjglit Wi acting at a, tor b n is double the dis- 
tance of A c from tiie fulcrum. 

Again it is evident, in the present case, that 
Ik wtiulc weiglit is sustained by the cord E u p» 
tnd whatever sustains half the cord, sustains 
^W half the weight; but one half is sustained 
V the fixed hook b, consequently the power at 
<* lias iinly the other hall' to sustain, or in athtr 
'^iitis, any given power at p will keep in equili> 
win a ilonbie weight at w. 
VttarUs. Is the velocity of p double that of w E 
Father. Undoubtedly; if you compare the 
^PSCB passed through by the hand at p with that 
pittiwd by w, yon will find that the former ia 
1<"U double the latter, and therefore the mo- 
•"wk of tlie power and weight, a*4ti the lever, 
'"" E^ual. 

u.. l-I 
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Charles. I thiDk I see the reaso 
the weight be raised an inch, i 
sides of tke cord must also be lal: 
toott but this cannot happen with< 
the cord at f passing through 
two feet of space. 

Father. You will now easily ii 
has been already shown of the e 
puileyi that in a system of pulli 
gained must be estimated, by dou 
ber of pulleys in the lower or n 
Sn that when the fixed block x ( 
26.) contains two pulleys which 
their axes, and the lower block ; 
two pulleys, which not only turn 
but also rise with the weight, th 
as four : that is, a single pound h 
four at w. 

diaries. In the present instai 
ceive, that by raising w an inch, 
ropes shortened each an inch, an 
hand must have passed througli 
space in raising the weight a sin^ 
establishes the maxim, that win 
power is lost in space. But, [ 
only tnlked of the power of balan< 
ing the weight, something more i 
be added to raise it. 

Father. There mnst : considci 
must also b^^ade for the frictii 
aad of the pirotSf or aiL«9, on vii 
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. In tlie tnerlianicttl powei-Si in general* 
tliiiti of power must bo iidcleil for the loaa 
lined Ity rpirti<m, and for the impei'fert tnnn- 
in wliicli iiinrliines are generally cnnstnict* 
Tims, it' by t/uory ynu gain a power of GOO : 
meticE, you must reckon only upon 400. In 
e piiUcys which we have been <leacribing» 
erii have taken notice of thive things, which 

mach from the genei-al advantage and con- 
ence of pulleys as a ineclianical power. Tho 

ts, that the diameters uf the axes, bear a 
t proportion to their own diameters. The 
id is, that in working they are apt to rub 
nst one another, or against tlic side of the 
L And the third disadvantage is the stiEf- 
of tho rope that goe^ over and under them. 
lie first two objections have been, in a great 
ee, removed by the concentric piiltcy, ia- 
cd by Mr. James White : b (Plate iv. Fig. 
is a solid block of brass, in which grooves 
:ut, in the propot-tion of 1. S, 5, 7, 9. hic, 
A is another block of the same kind, whose 
MS are in the proportion of 2, 4, 6, B, 10, 
ind round these grooves a cord is passed, by 
h means they answer the purpose of so many 
net }iulte3's, every point of which moving 

the velocity of the siring in contact with it, 
' 'lole friction is removed to the two centres 
n of tho blocks a and b ; besides it is of 
ftitdvantage. that the pulleys biding nil uC 
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ono piece^ there is no rubbin,^ one aga 
other. 

Emma. Do you calculate the power 
by this pulley, in the same method a8*\ 
common pulleys ? 

Father. Yes, for pulleys of every ki 
rule is general, the advantage gained i 
by doubling the number of the puUejrs 
lower block : in that before you there 
grooveit, which answer to as many distil 
leys, and consequently the power ga 
twelve, or one pound at p will balance 
pounds at w. 



CONVERSATION XIX. 



of the Inclinod Plane. 

Father. We may now describe the i 
plane, which is the fourth mechanical p 

Charles. You will not be able, I think 
duce tliis also to the principle of the lev 

Father. No, it is a distinct principl 
some writers on these subjects reduce 
the six mechanical powers to two, viz. tl 
and inclined plane. 



f How do you eHtimatr the advantages 
f this ineclianicul power? 

_i The method is very easy, for just as 

B the lengtli of ttie plane exceeds its {ter- 
:ular height, so much is the actvanlag« 
d. Suppose A B (Plate iv. Fig. iB.) is a 

Btniidiiig on the tablei and en another 
Inclined to it ; if the length c d be threa 
greater than the perjiendicular height j 
:h« cylinder e will be supported upon the 
c B, by a weight erjiial to the third part 
own weight. 

ma. Couhl I then draw up a weight on 
I plane with the third part oi' the strength 

must exert in lifting it up at the end ? 
Iicr. Certainly, you might; alluwanre. 
er, toast be mttde for overcoming the fric- 
but then yon perceive, as in other mcrha- 
[Ktwers, that yon will have three times the 
to pass over, or that as you gain power 
ill lose time. 

irks. Now I understand the reason why 
tmes thei-e are two or three strong planks 
rom the street to the ground-floor of 
houses, making therewith an inclined 
. on which heavy packages are raised or 
ed. 

The inrltned plane is chiefly used for 
leavy weiglits to small heights, lor in 
Ks situated in the upper part of butld- 
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iii.^,' cranes and {lullcya are better &imjti 
the jmrpose. 

Charles. I liave soractimest pupa, ami 
self by nbserving llie ditfererice of time 1 
ime marble bus taken to roll down a bb 
board, and another wUicb lias I'allcn by Iti 
gravity without any aupport. 

Father. And if it were a long plunk) ui< 
took care to let both marbles drop from thft 
at the same instant, I dare say you foiin 
difference very evident. 

Cluirles. 1 did, and now yon have enabii 
to account lor it very satisfactorily, by shi 
irie that »s much more time is spent in rail 
body along an inclined plane, than in Ufi 
up at the end, as tliat plane is longer thl 
perpendicular height. I-'or I take it forgm 
that the rule liolda in the ascent as well as i 
di'Hccnt. 

Father. It' you have any doubt remaint 
few words will make every thing clear, 
pose your marbles placed on a plane, perl 
horizontal, as on this tabic, they will remi 
i-est wherever they arc placed : now if yoi 
vated the plane in such a manner that iU b 
Miould be equal to half the length of the pla 
is evident from what has been shown bl 
that the marhles would require a force eqi 
half their weight to sustain them in any | 
£u)ar position : suppose then the plane pe 
\iUcuhr to the table, tlio mMAj\ft8 ViVU do 
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with tlieir whole weight, far iiow the plane can- ' 
tributes in no respect to )>u]ipoi't tlieirii conae* 
quenUy they would i-equire a power e<iual tp 
Uwir whole weight to lieep them ti-nm desccnd- 

Charles. And the swirtnesn with which a bndjr . 
falls is to be estimated by the I'orce with which 
it is Rctcd upon i 

Father. Certainly, for yim arc now BufGcienta 

ly acquainted with pliilosopby to know tliat tht 

li 't must be estimated from tlie cause. Sup* 

'I' an inclined plane is thirty-two feet long, < 

' i its perpendicular height is sixteen feet* i 

it time will a marble take iti falling dowa 

plane, and also in descending from the taf < 

ilip eni-th by the force of gravity ? 

I'harles. By the attraction of gravitation, a 

"ly falls sixteen feet in a secnnd (See p. 41.}) 

I'tTore tlie marble will be one second in fall-' 

; perpendicularly to the ground; and as the 

iliitgtiiof the plane, is double its height, the mar^ 
ble must take two seconds to roll down it. 
Father. 1 will try you with another example.; 
ir there he a plane 64 feet perpendicular hetgb^ 
aii<l 3 times 64, or 193 feet long, tell me whiit 
l»w a marble will take in falling to the earth "j 
'ly the attraction of gravity, and how long tt , 
nil! be in descending down the plane? 

Ckarks. By the attraction of gravity it wift 
fall in two seconds ; b«*cause, by multiplying the 
Mtteafaet which it falls in the tlrst aec<iud,^<|' ' 



e sqURre of twn scrnnilit. (tliu timcj oi- lou 
get sixty-four, the licib;lit of (he ptano. " 
plane being three timc<s ns long as it ii 
dicularly high, it must 1>g thr-ec tintfii rs 
secnnds in ntllitig i]i>wn t)ic plane, as it m 
descending freely by the force of gravi^' 
is, sis secundH. 

Emma, I'ray, papa, what romman iw 
ments are to be referred to this mccliat 
pitwer, in the same way, aa scissors^ pliU 
&c. are referi'ed to the levei- ? 

Father. Ghtseli^, hatchets, ami whatcvvrn 
sharp instruments which are chamfered) 
sloped down to an edge on one. aide only, 
^^^ referred to the principle of the inclined | 



CONVERSATION XX. 



of the Wedg'c. 



Father. The next mechanical powc 
wedge, whirti is made up of tlie two 
planes o f. f u and c B f o (Plate iv. Fig. 
joined together at their ha««3 e e f g : d G is 
whole thickness of the wedge at its bai^k A ■ 
vJiere the )Kiwer is apv^vei^, «in<l. B c and 




lengtli or iH allies; now there will be an 
ii'iiiin betwTOn tlie power imiicllinc the 

tldwiiward, anil tlic reaisliinrr lit the 

or other substance arting ai^uirtsf its 
fl lien the thickness d c of the wedge Is to 
ii^th oi' tUo twi> sides, or, which is the 
liiiig, when hair the. thtrkncss d e nf th« 

;it its back is to the length nf d r one of 
! ■■-:, as the power is to its resistanre. 
lii's. This is the pi-inclple or the inclined 

'.'!i:r. It is, and notwithstnnding all tlin 
■■s which the metliodii or calrulating the 
I'ltage gained by the wedge have occasioned, 
V no reason to itqiart from the opinion of 
e who consider Uie wedge as a double in- 
■d plane. 

■niia. 1 have seen people cli-aving wood 

>' idgca, hut they seem to have no effect, 

i^reat foiie and gi-cat velocity are also 

iitker. No, the power ol' Ibe altrartion of 
■^iion, by which the parts of wood stick to- 
ii't', is so great, as to require a coiisiderabte 
initum to separate tbein. Did you obserrt 
niig else in the operation worthy of your at- 

Jou"? 

'">i-les. Ves, I also took notice that the woofl 
illy split a little below^ the place to wlilck 
' 'Ige reached. 



of wood, anil tlicn the aflvai _ 

mechiinicnl powei', mu^t bu in prnpoi 
length of the sides u( the ilcft in tli 
greater than the kngth of the whole \i 
wedge. TheiT are other vHi-ictifs in 
of the wedge ; but, at prcHeiit, it is »i 
ry to rei'er to them. 

Emma. Since ynu sRid that all it 
vliiuh slnjiod o(f tu an edge on one 
wei-e to he explained by the principle 
dined plane; so, I suppose, that tl 
decline to an edge on both sides, mus 
red to the principle of the wedge. 

Fatlier. They must, \vhich is the 
many chisels, and almost all soi'ts of 

Charles, Is tlte wedge much used 
chanical powet' ? 

FatJier. It is of great importance 
variety of cases, in which the other n 
jmners are of no avail ; and this arise 
momentum of the blow, whirli is gr 
yond comparison, than tlie applicati 
dead weight or presHUre. Hiich as tB 
in the other mechanirnl powers. £ 
used in 8]ilitting wiiod, rockn. &c. am 
largest eliip may be raised tii a small 
driving a wedge below it. It is aH 
raising up the beam of a hnuHe, whei 
gives way, by reason of loo great a I 
ing laid upon it. It is tmunl also in 
large milt stones fninv tUc siliceous : 



^^^^^^^ or THE BCHEW. ' lor 

THp pnrtu of Drrbrsliire. to bore horizontal 
- under tbern in a rinle, aiiil (ill these with 
■ iir- wettgcs made of dry wood, which gpa- 
ll> swetl by the moistut-e of tlie earth, and in 
. Ill- two lift up the mill-HtoRe without breakr 
I ; t(j this practice Dr. Darwin alludes*. 

:>li ihe ni<le Bteens, the ^^rainite-clifis suiround, 
I ri.' witli steel lioinls, *ilh wooden uxdgeg wound. 

w 

I CONVERSATION SXI. 
of liu: Screw. ^^1 

\ Let on now examine the properties 
listh and last merliaoicai pnwer, the 
ivhich. howcvei-t cannot be called a sim- 
baoical puwett since it is never used 
the assistance of a lever nr winch; by 
becomes a compound engine, of great 
mWerln pressing bodies together, or in raising 
<t weights. xB (Plate it. Pig. SO.) a tlie 
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representation of one^ together with tl 

Emma. Tou said just now, papa, tha 
inechanical powers were reducible eithe 
lever or inclined plane^ how can the s 
referred to eitlier ? 

Father. The screw is composed of tw 
one of which, ab, is called the screw, a 
sists of a spiral protuberance, called the 
which may be supposed to be wrapt i 
cylinder ; the otiter part c d, called the 
perforated to the dimensions of the cylitid 
in the internal cavity is also a spiral 
adapted to receive the thread. Now if 
a slip of writing-paper in the form of an i 
plane ab c (Fig. 30.) and then wrap it : 
cylinder of wood, you will find that it i 
spiral answering to the spiral part of the 
moreover, if you consider the ascent 
screw, it will be evident, that it is prcci 
ascent of an inclined plane. 

Charles. By what means do you calcu 
i^vantage gained by the screw ? 

Father. There are, at first sight, ei 
two things to be taken into consideratii 
first is the distance between the threads 
screw; — and the second is the length 
lever,^ 

Cliarles. Now I comprehend pi*etty 
bow i|t is an inclined plane^ and that it£ 
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B or ]«ss easy as tite threads of the Hjtirad 
tt nearer or tartlier ilistant from cacli other. 

Father. Well then, let mc esaruine by a qncs- 
ioKt whether your conceptions lie accurate ; luip- 
Mue two screws, the circumrerence uf whose 
ylinders are eijual 1u one anotJier; but in one, 
be (liNtance of the Ihri-ads (o bean inch apart; 
ni that of the threads of the other oiily one- 
hird of an inch ; what wil] be the ditfercnce of 
be advantage gained by one of the screws orvr 
lie ntlier i 

OharUs. The one whose threads are three 
- nearer than those of the other, must, I 

' ilii think, give three times the inout advau- 

< HiCT, Give me the reason for what you as* 

' I'jr/es. Because, from the principle of the 

iiK-ii [dane, I learnt th»t if the lidgki of two 

:i ri were tlie same, hut the length of one> 

> , thrice, or fiHir limes greater than that 

lie other, the mechaniCHl advantage gain- 

'i\ the longer plane would be two, threc^ 

"iir time.s more than that gained by tha 

'■\.'-r. Now, in the present case, the height 

:ii'il in both screwa is llic same, one inch, 

(lie spaec passed in that, thiee of whose 

' Ills go to an inch, must he three times as 

_ ' ii »H the spacepassed in the other; therefore, 

ti space is passed, or time lost, just in propor- 

liou to the advantage gained, I \«V%t MfttX'Ow^ 
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time!* morr aflvantHgi' is gained b; 
the thrc&ds wf whUli an- (iiiu-tliii-d 
a[>«rt, lliHii by that wbuse threads i 
apart. 

Father. Tnur infei-ence is just, ai 
follows I'l-ntTi an arctii'Rlc knowledge, 
ciptr i)t' till' ini linn) jilitiie. But Vii 
iioltiing iiliiiiil tiie lever. 

Cttarles. 'I'lus sremcd hanlly th 
being BO tilivii.us tn any oni- wlio ] 
tuuutent, tliat yower is {^Hinnl by 
let-i-rsof llip jimt kind, according U 
r D fr'iiii tlic (Hit. 

Father. Let us now calculate Hit 
galiieii by u screw, the threads of 
hall' an inch iliKtunuo from one an 
the lever 7 fiet long. 

C'luirka. I tliink you once told ! 
Ilie radius nf a circk whs given, ; 
find tlie rircumfert-iice^ 1 niunt m 
radius bv 6. 

Fallier. 1 (fid; fi>r ttiou^b that j 
enough, yet it will ans^uT all cnmnic 
till yoii arc a lillle tiiore expert in 
decimals. 

Charirs, Well, (hen, Ihecirciimfe 
rircle made by the revolution of th 
be 7 ferl. multi|ilied by 6, which ia 
£04 tncheN; hut, during this revi 
screw is raised only half an inch, ti 
i^ce passed by tlte muvvngv^Ni' 
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iiiicfl greater than timt gone through hy the 
*»g))t, consequently tlip ailvaiila^c gained is 
lOOB, or one [lound applied to the lever will 
luhhce 1008 pniinds acting againHt tlie screw, j 

fattier. You perceive that it Tnllows as a r,o- I 
r^ary from what you have been saying, that I 
there are two methods by which you may in- ! 
trcBSc the mechanical advantage ol' tlie screw, ' 

Ckarlcs, I do ; — it may he. done cither by ta- | 
king a longer lover, or by diminisliitig the dis- 
tance of the threads of the screw. , 

Falhtr, Tell me the result then, supposing 

>li<> threads of the screw an fine as to stand at 

"■■' distance of but one iiuarter of an inch asun- 

: and that the length of the lever were 8 feet 

;id of 7. 

'ii'irlea. The circumference of the circle 
iTiile by the lever will be 8 multiplied by 6, 
-']iial to 48 feet or 576 inches, or 2304 quailer ' 
IK lies, and as the elevation of the screw is bat 
*itc (juarter of an inch, the space passed by the 
H>wer, will, therefore, be 2304 times greater ' 
Jian that passed by the weight, which is the ad- 1 
vantage gained in this instance. | 

FnlhcT. A child, then, capable of moving the 
!■ sufficiently to ovei-come the friction, with 
I'ldition of a power equal to one pound, will ' 

.iljle to raise 3304 jinunds, or snmeihing more | 
titim 20 hundred weight and a half, Tbcstfen^U, | 
"r a powerfiiJ man wouUl be a\iVe lo 4o "5,^ ^'s "^ 
iimes MK>m«ch more, '4 




times more advantage is gaineil hy^^ 
ttc threads i>f which arc otie-lhii'd of 
:Apart, than by that whose threads are \ 
'■part. 

Father. Ynur infei-ence is just, anil ni 
IfoUnWB Irom an acturate knowledge of tli 
'^iph (if thp in' liridl plntie. But we bft 
iwthing abnut the lever. 

Charles. I'his scemt-il hanlly neceai 

leing 80 obviiius to any oiii' wliii v\\i' 
ngnient, tliat ynwr is g^iiiniil by tfmli 

levers of tlie lii-Rt kind, atCnrding to ttw 

f o from tlio nut. 

Father. Li't iis now calcuhite thff adv 
eained by n ticrew, the threads of wtii 

rnlf an iiirb diBtnncc from one anothe; 
Ithe >ever 7 feet long. 

Charles. I think yon oncp ttild mo, - 

irw radiu» wf a nrclc whs given, 

Ind tlie ciiTunifercnee, 1 niu^t multii)] 
Vadiiis by 6. 

Falhtr. I did ; fur- ttiiKijrh that is no 
enough, yi't it will answi-r nil common pHi 
'till yon are a lilllc mure expert in liie 
tflerinin)>t. 

Chnrlex, Wi-ll, then, the rircnmferenrt 
*iivIo miide by tlii- rev<dutinn of the lev 
■be 7 feet. tniilliplU-d by 6, which is 42 A 

604 inclien; bill., dining this rrvnlutid 

ccrew in lait^ed only half an inch, tliprdi 
i^cepassed by tLe muviagj^weri yj 



■f™"«r il,a„ ,^ (J 

#^™ :ff^:;:^''■•'aKyr"• 
lino™ "'• •'Ue to do 3„ J™ 
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Charlfg, Btit i have aecii at Mr. ' 
rpKlier-milla, to which I once went, hix 
men use all theii- stifngtli in turnirtj^ » 
in order to pi-ess the water out nf the 
made paper. The power npplicil in th 
must have been M-ry great indeed. 

Father. It was ; but 1 dai-c say that 3 
aware that it cannot be estimatt-d, by m' 
ing the powoi- of one man by the nuniliei' 
employed. 

Charles, That is, becaune the men stHiii 
the side of one another, the lever is sho 
every man the nearer he stands to the 
consequently, thongli hc may exert th 
strength, yet it is not so effectual in mov 
machine, m the exertion of him who 
nearer to the extremity of the lever. 

Father. The true method, therefore, n 
lating the power of this machine, aided 
strength of these men, would be to estlm 
curatoly the power of each man accon 
his position, and then adding all these si 
advantages together for the total power | 

Emma. A machine of this kind, is, 1 1 
Used by book-binders, to press the Ipiivef 
books together before they arc stitched ? 

Father. Yes, it is found in every borik-b 

work -shop, and is particularly useful wht 

sons are, desirou<i of having small books r 

to a still smaller size for the pocket. It 

% the principal macliintJUSfttVffttttjmw^mo 
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Fathen It would, my dear» bo an alinos 
less taskf were we to attempt to enumen 
the purposes to which the screw is app] 
the mechanical arts of life ; it will» perba 
sufficient to tell you that wherever great 
sure is required^ there the power of thb 
is uniformly employed. 
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►conversation XXII. 



OF THE FIXED 8TAR9. 



TUTOR— CHARLES— JAMEB. 

JiRLES, The delay occasinned by our 
ally long walk, has itflbriled us one of (lif> 
irilliaiit views of the heavens that I ever 



tes. It is uncomnKinly clcari and the long- 
eep my eyes lixed ujiwards* tlic more stafs 
to appear: how is it possible to number 
itara ? and yet I have heard that thoy are 
sred, and even arranged in catalogues ac- 
g to Ihcir apparent magnitudes. Pray, 
[plain to ii» how tii'm business was per- 
1. 

or. This I will do, with great pleasure, 
ime hence, but at present, I must tell you 
I viewing the heavens with the naked eye, 
e very much deceived as to the supposed 
1" of stars that are at an^j Vvmc n\«M«.. "V. 
'rnlfy atlmitted, and on gwoA awVftWiiS.V? \k>k\. 
'/ie are we rer more tWn olvfc^^i*>^^s.*■■^*^**''' 
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visible to the sight, ;massisted by glasses^ dtu% 
one time, and in one place. 

Jarn^s. What ! can I see no more than a tbiM 
sand stars if I look all around the heaveiu) 
should suppose there were millions. 

Tutor. This number is certainly the limit d 
what you can at present behold ; and that whkk 
leads youy and persons in general, to conjciCtHN 
that the number is so much larger^. is owing li 
an optical deception. 

James. Are we frequently liable to be deceir- 
ed by our senses ? 

Tutor. We are, if we depend on them singif J 
but where w6 have an opportunity of calling ■ 
the assistance of one sense to the aid of anoufll 
we are seldom subject to this inconvenience. 

Charles. Do you not know that if you placet 
small marble in the palm of the left handf ail 
then cross the second finger of the right iMJi 
over the first, and in that position, with yoM 
eyes shut, move the marble with those parts d 
the two fingers at once, which are not accuBtoft 
ed to come into contact with any object at th 
same time, that the one marble will apjicar to tb 
touch as two ? In this instance, without the ii 
sistance of our eyes, we should be deceived k] 
the sense of feeling. 

Tutor. This is to tlie point, and shows tin 
the judgment formed by means of a single seal 
/y not always to be depended w\iow* 
^a files. I i'ecollcct the expenm^wX. N«ti '^^ 
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hud it from papa, a great while ago. But 
t lias iititliing to ilo with tlic false jiiilgment 
111) we arc said to I'onn about the numhei- uf 
n, 

tvtor. You iire right ; it does not immediate- 
wncern tlie Hubjcct heforc us, hut it may be 
fVil as atl'urding a lesson of modesty, by in- 
Ui^ting UB that we ofight not to close our 
Ida against new evidence that may be olfcreil 
in any topic, notwithstanding the opinions 

may have already roi-iiied. Yon s;iy, that 
I sec milliiins of stars, whereas the ablest 
rauomi^rH as'^ei-t. that with the naked eye 
I CHniKit at one time see so many as a thou- 
»1. 
^Itarifs, I should indeed have thought with 

brotlier, had you not asscHed the contrary ; 
I I am anxious to know how the deception 
i|i(ns, fur I am sure there must he a great 

■piioM somewhere, if I do not at tliis time 

■ id very many thousands of stars in the 

!>■. Yon know that we see fihjnrts only by 

'if Ihe rajs of light which proceed from 

.11 every direction. And you must for the 

•'. give me ci'edit when I tell you timtthe 

< iif the iixed stars IVom us is immensely 

!. conseiuentiy the rays of light have to 

vc! this distance, in the cwttvso «t "wVCwiV, w.- 

ialiy in their passage tbrow?;''* "^"^ «A.wi«i- 

f£^ tbcjrare subject t« nu\iv\»cvVea^'Te;f«^V\wJ 
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and refractions. Bv means of thesef other t 
of liglit come to the eye, every one of wk 
perhaps, impresses upon the mind the idei 
so many separate stars. Hence arises that 
tical fallacy by which we are led to believe 
stars which we behold are innumerable. 

James, I should like to see an experiment 
confirm this. 

Tutor* I have no objection : in every c 
you ought to require the best evidence that 
subject will admit of: 

To ask or search I blame thee not, for heaven 
Is as the book of God before thee set, 
Wherein to read his wond'rous works, and leam 
His seasons, hours, or days, or months, or years. 

Muvn 

I will show you two experiments which will gi 
good way to remove the difficulty. But, fort 
purpose, we must step into the house. 

Here are two common looking-glasses, wU 
philosophically speaking, are plain mirrorSn 
place them in such a manner on the table tl 
they support one another from falling by me 
ing at the top. I now place this half-crown! 
tween them, on a book, to raise it a little ah 
the table. Tell me how many pieces of moi 
you would suppose there were, if you did 
know that I had used but one. 

James. There are acveraV \yv W\^ ^\«£»qj&. 

Tutor. I will alter the ^^vWon ol VXm^ i^ 
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hr making them aJraust puralkl fo one 
Sbow louk into them, iiii(l sny what you 

yrhere ai-c mure half-crowns now than 

Kfaetbrc. 

Bt is evident, tlien, that by reflection 

Ibgle object, for I have mailc ust^ u( but 

wiwn, will give yott tiie icien (if a vast 

K If a little contrivance had been used 
Hthe method of making the GX|><:i'iinciiI, 
■Wt have believed tint that there had 
Iral haif-ci-owns iustoad of one. 
^ring me your ranttipljing glass : look 
It-at the candle : how many ilo you see ? 
Kbow many candles siioiild yi>u mipprise 
m, did you not know that there was hut 
ft table; 
WLk great many, and a pretty sight 

ft Let me see ; yes, thers arc : but I 
■rcuunt them ; there are Kixteen. 
pTliere will be just as many images of 
■» or any other object at which yon 
■t)K< are difTercntRUrfacea on your glass, 
ft principle of reJracHon, the image of 
ft is seen in as many diflTorent places 
Bb has sarfaces ; consequently, if in- 
R there lijid been 60, oc, iflltev e«w.VA 
■ cut and (iitlislied so smaW, CiO^t *''^""' 
|can(//e K'unlJ have given >f«ix\^ 
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of 60, or 600. What think you i 
stars ? 

James. Since I httve seen that 
refraction will each, singly, affon 
deceptions, I can no longer doub 
both these causes are combined as 
are with respect to the rays of lighi 
the fixed stars, a thousand real lu 
have the power of exciting in my 
of millions. 

Tutor. I will mention another e^ 

which you may be prepared aga 

i\ clear star-light night. Get a long 

f.ji the longer and narrower the bettei 

I weight does not render it unmans 

mine through it any one of the large 
which are called stars of thejirst m 
you will find that though the tub 
r,.! I , much sky as would contain many s 
■ i^p that the single one at which you a 

■ 1} scarcely visible, by the few rays 

[f directly from it : this is another p 

brilliancy of the heavens is much r 
reflected and refracted light, than 
rays flowing from the stars. 



i'iU 
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one collection U called tlie great bear, anoUi 
fhe dragon ; a tliir'd Htrndes, ami so on ? 

Tutor. It is; and thougti there have been i 
ditioiH to the number of stars in CAch constel 
tioni and various new cunatellations inventod 
inodoi'n astronomerH. yet the original divJu 
of the stars into these collections, wita one 
those few arbitrary inventions which I 
sccnded without alteration, otherwise than 
addition, from the days of Ptolemy down to I 
present lime.^-Do ymi know Imw to find t 
four Cardinal points, as they are nsually calli 
tbe North, South, West, and East ? 

James. yes, I know that if I look at then 
at twelve o'clock at noon, I am also looking 
the south where he then is ; my back is towai 
the north ; the west is on my right hand, 
the east on my left. 

Tutor. ButyoM mustlcarnto find these po 
withotit the assistance of the sun, if you wjsb 
be a yjiuij; astronomer. 

Charlex. I have often heard of the north p 
star; that will perhaps answer the purpose' 
the Hun, whiin he has lelt us. 

Tutor, Tou are right ; do you see thorn ai 
stars which are in the constellation of the G 
Rtarf some people have supposed their positl 
will aptly represent a plmigk; others aay, * 
they are more like a wiigun and horses;— 
/hor stars rejirpsenting the \»ov\^ «( YW-wtA 



;trc cnlW hy some the |ilougli, and by oIIm 
they ai-c called Oliarles'a wain ur wagon. lit 
ia a drawing of it: (Plate v. Fig. l.) abi 
~ lents the four stars, e % u tlie other tbri 
, What is the star f ? i 

'. That repi'esents the polar star to wl^ 
D just now alluded ; and you observe, tliM 
liae were drawn through the Htars b, ands 
i produced far enough, it would nearly toit 

Let mc look in the hearens for it] 

I ^ide. There it is, I suppose ; it shil 

h a steady, and rather dead kind of light) N 

appears to me, that it would be a little to C 

iifglit of the line passing through the stars 

\ and a. 

Tutor. It would, and these stars are general 
known by the name of the pointers, because th| 
point to p, the north pole, which is situated, 
little inure than two degrees from the star, 
Charles. Is tliat star always in the same pi 
of tlie heavens I 

Tutor. It may be considered as uniforq 
maintaining its position, while the other aUf 
seem to move round it as a centre. We shi 
have occasion to refer to this star again ; 4 
present, 1 have directed your attention to i^ 
a proper method of finding the Cardinal poiia 
by star-light. . 

James. Yes, I understand no'Wi tt\a^MW 
ioll»Bortb, 17 standing wVtAi w^ lttK.«>\! 
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In>t tlic saiitli U at III}' hsick, nnmy rigbtli 
I the east, ami the west on my left. 

Tuler. This in om^ impurtatit step io 
astraunmical Httitlirs ; hut wa can maJwn 
these stars as a kind of stnnclsrd, in ortt 
iliscnvcr tlie naines and positions of otb 
I ho heavens. 

Charks. In wfant way must wc proceed In 
ItiisincHs. 

Tutor. I will give you an eTcampfe ort 
conceive a line drawn iVom the star *, leavif 
a Utile to the left, and it will pass throi^ 
very brilliant fltar a, near the horizon tDW 
the west. 

Janus. I see the star, but Irow am I to k 
its name ? 

T^ifor. Look nti the celestial globe tar 
star K, and suppose the line drawn on the glfl 
as we conceived H done in Hie heavens, 
yon will find the star, ami its name. 

Charks. Here it is ; — its name is Arctxrn 

Tutor. Take the figure, (Fig. 1.) a 
Arctunis at a, which is its relative poeition 
respect to tiw constollatinn of the Great V 
Now, if you conceive a liiw drawn through 
stars g and &, and extended a good way to 
right, it will pass just alwvc another very b 
liant star. Examine the globe as before) 
find its name. 

C /iaries. It a CoTiella, tt»e goal. 
^^fitAfr. Now, whenever ■^Wi «•»« 
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I will know where to look for tlic 

^o«t hesitadon. , 

k But do they never move from their 

IPith respect to us, they seem to more 
"^ the whole heavens. Butlbvyal- 
\ in the same relative position) with 
"i other. Hence, they are called 
t in opposition to the planrts, which* 
larth, are continually changing their 
H with reganl to the fixed stars, and 
Ives also. 

>w understand pretty well the 
^acquiring a knowledge uf the uanics 
t of the stars. 

i with this, we will put an cnil ti 
i conversation. 
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i 



f die Fixed Stars, anil Ecliptic, 

e say that you will have no d.\&- 
Mittg the nortli po\*r s.ta.t a&ww*^^ 
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James* I shall at once know where 
for that and the other stars which you 
out last nightf if they have not change 
places. 

Tutor. They always keep the same p 
with respect to each other, though thei 
tion, with regard to the heavens, will be 
ent at different seasons of the year, and 
ferent hours of the night. Let us go i 
garden. 

Charles* The star^ are all in the sana 
as we left them. last evening. Now, sir 
conceive a straight line drawn through 
stars in the plough, which, in your figui 
1.) are marked d and g, and to extend 
way down, it will pass, or nearly pass th] 
very bright star, though not so bright 
turus or CapelUif what is that called ? 

Tutor. It is a star of the second mag 
and if you refer to the celestial globe, 
same way as you were instructed last nig 
will find it is called Regtdus, or Cor Leo 
LiorCs heart. By this method you may < 
discover the names of all the principal 
and afterwards, with a little patience, y 
easily distinguish the others, which are Ic 
spicuous. 

Charles. But they have not all names 
are they specified ? 

Tu^r. If you look on tbe g\o\i^,^wjL^ 
^i^rve, that they are di8tiiiguMJMA>il Vft 




tcrs of the Greek alphabet ; and i 
lliil.ioHS, in wliicli t.lll^^o »re stars of dif- 
:'.|ipai-eiit niagnitiiilest the largest is a 

. llie next in §iz(^ is ^ beta, the third y 

' t. Uie foiii'tli 3 delta, und en on. 

jji^.v. Is there any itaitirulaf reason lor 

Vutur. The adoption ufthe nharactci's of the 
p«k alphabet, rather than any other, was per- 
tly arbitrary; it is, however, of great im- 
tsnce, that the same characters should be 
d in general by astroiiomerB of all countries, 
by this means the science is in possession of 
oiit of universal language. 
Dharles, Will you explain how this is i 
Tidor. Suppose an astronomer in Nortli 
lerica, A^iu, or any other part of the earth, 
«rve a comet in that part of the heavens 
ere the constellation of the plough is situated, 
I he wishes to ilcscrihe it to his friend in 
cat Britaiu, in order that he may know, 
i-lhi^r it was seen by the inhabitants of this 
mil. For this purpose, he has only to mcn- 
1 the time when he discovered it; its posi- 
1. ai nearest to some one of tlie stars, calling 
v the Greek letter by which it is designated ; 
! the course which it took from one star to> 
ids another. Tims he might say, that on 
h a time he saw a comet near s vix tV <i\«a.\. 
MV and that its coui'sc was <\\vc*A.t4. Vtw» ^ 
f othoTa na, it. Ua^^u^ 
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Charles. Then, if his friend here 
comet at the same time, he would, bjr 
know, whether it was the same or 
comet ? 

Tutor. Certainly, and hence you 
what importance it is, that astronoi 
ferent countries should agree to mai 
stars and systems of stars by the sa 
ters. But to return to that star, to 
just called my attention, the cor leoti 
only a remarkable star, but its posi 
remarkable, it is situated in the edi 

James. What is that, sir ? 

Tutor. The edipiic is an imaginar 
cle in the heavens, which the sun apj 
scribe in the course of a year. If you 
celestial globe, you will see it marke 
line, perhaps an emblem of the fierci 
municated to us by that body. 

James. But the sun seems to hav( 
motion in the heavens every day. 

Tutor. It does ; and this is called i 
diumalf or daily motion, which is i 
ent from the path which it appeai*s 
in the course of a year. The former 
by the most inattentive spectator, \ 
but know, that the sun is seen every 
the east, at noon in the south, and in t 
in the west; but the knowledge oi 
jaust be the result of j^alx&wX. q\^^^\n 
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'"■■'Hes. And wlmt is the green line ^yllich 

■^ it; 

ic. It is called the Eipiatnr; tliig ia an 

;jary cii'cle liclorigtug to tlie eartli, wliicli 

isl take for granted, a little longer, is of 

liar foi-m. II' you ran conceive the plane 

... KrreHtrial etiuatitr to be iiruducMl tu Hie 

li-if of tlic fixed §lai's. it would mark out a 

r li- ill tlie Iteavens.cailpd tltc cete»tinl ei/tKjfor 

I'luinoctiat, wblcU would cut the ecliptic in 

D parts. 

fumes. Can we trace the circle of llie edipUc 
tlie heavontj? 

'tutor. It may he done with tolerable accuracy 
twn m«thiid.'3 j first, by ob<ierving several it- 
rkftble &\ti\ stars, to whicli the inunn in itt) 
trsesevins to approach. The second inetboil 
Dy observing the places of the plmietu. 
Charles. Is tlie moon then always in the 
iptic ? 

Viilni: Not exactly so ; but it is always either 
* " ''cli|>tiCr orwitliin five degrees and a third 
• rt one side or the other. The jdiinets 
y wlnrli I mean. Mercury, Venus, Mars, 
■. Siitiini, and Hie Herachcl, are never 
'l>aii eight degrees distant from the line 
ecliptic. 
f 'u-.:s. How can we trace this line, by help 
liic fixed stars 1 
Vulor. By comparing t\rti sVats w *0e«. V^*'^^ 
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globe, a practice which may. be easily acqi 
as you have seen. I will mention to yo^ 
names of those stars, and you may fini 
them on the globe, and then refer to as nyi 
them as are now visible in the heavens.^ 
first is in the Ram*s horn called a •MeHSf i 
ten degrees to the north of the ecliptic ; fl 
cond is the 5^ar Mdebaran in the Bull's eyi 
degrees smith of the ecliptic. 

Cluirles. Then if at any time I see thesi 
stars, I know that the ecliptic runs bet 
them, and neai*er to Aldebaran, than to tt 
the Ram^s liorn. 

Tutor. Yes ; now carry your eye eastwi 
a distance somewhat greater from Aldeb 
than that is east of a Arietis, and you will 
reive two bright stars at a small distance 
one another called Castor and Pollux ; the 1 
one, and that which is least brilliant, is P( 
seven degrees on the north side of the eel 
Following the same track, you will coi 
KeguluSf or the cor leoniSf which I have all 
observed is exactly in the line of the cd 
Beyond this, and only two degrees south oj 
line, you will find the beautiful star in thi 
gin's hand, called Spica Virginis. You the 
rive at Jtntares, or the Scorpion^ s heart, fi^ 
grees on the same side of the ecliptic. J 
wards you will find a ^quilWf which is sit 
nearly thirty degrees norVVi o^ Wa^ ^^\\\>\.\r. 
fartJiCf oa is the star Fomolvaul Vil \>dl^ 
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tat as many degi-ees south of that 
lintli aii<l last of tlicHC stars in Pe- 
rn wing of the Sying-hursp. wliicli is 
B Dcliptic nearly twenty degrees. 
Ujion what account ai-e these nine 
:ulai-Iy noticed ! 

'Iiey are selected as the most coni 
ars near the mncm's urbit, aitd are 
aa proper stations, fmtn which the 
itance is calculated fur every tbi'ee 
ne : and hence are cun.structcd those 
IB JVautioal Jilnumae, by means of 
jators, in their mipst distant voyages, 
, ts estimate, on the trackless ocean, 
ar part of the globe on which they 

What do yon mean by tlie Nautical 

s akind of National Almanac, in> 
lily for the use of persons traversing 
[ ocean. It was begun in the year 
|J)r. Maskelync, the Astronomer 
publisbcd hy anticipation for 
.1^ beforehand, for Ilic cimvenjence nf 
; out upon long vnyagcs. 'I'liis work 
iind eminently important in the course 
voyages round the world for making 
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CONVERSATION XXV. 



Of the Ephemeris. 

Cliarles. Tour second method of tra( 
ecliptic^ was by means of the positior 
planets ; will you explain that now ? 

Tutor. I will ; and to render you p 
qualiiied for observing the stars, I will 
the present conversation to the purpos 
]ilaining the use of White's £phemeris 
book which is published annually, and 
a necessary companion to every younj 
nomer. 

James. Must we understand all this 
the stars ? 

Tutor. You must ; or some other hoc 
same kind, if you would proceed on the I 
most rational plan. Besides, when yc 
the use of this book, which you will coi 
with halt* an hour's attention, you have 
more to do in order to find the positior 
planets at any day of the year, than to 
that day in the Ephemeris, and you will i 
be directed to those parts of the hea 
which the different planets are situates 
to the ^second page. 



■ Uarles. Here titc astronomical characters aiw 
m u^ainfd. I 

■ Tulur. The first twelve are tlie represent»4 
I IffeaiirHic signs into wiiicb Ilie ciiclu of tli^j 
I tdlptic is (liviJcd, railed also tlie twelve sigiwi 
§1)! the Zodiac. 

k If* Aries. SL Leo. / Sagittarius. 

I 8 Taurus, nj; Virgo. yj Capricorn. 

f n Gemini. it Libra. jc? Aquarius. 

' ZB Cancer, Tq, Scorpio, X Pisces, 

Every circle connected witli this subject is; 

:<ii|ijiosed to he divided into S60 parts, cttlletl de-' 

rnes, and since that of the ecliptic is also di- 

I'l'il into IS signs, each sign must contain 30 

-vKKs. Astronomers stih-divide each degree^ 

ii'i miuiitesaiidBecontls, tluisifl notild express' 

. single of 25 degrees, 11 minutes, and 45 se-^ 

Mils, I should write 25° . . 11',. 45". Or, if J, 

>ild express the sittiattnn of the sun for ths^ 

t ijf January, 1800, 1 look into the Kpliemeri*] 

i. i lind it in Capricorn, or V) 10°. . 56', . 3a"J 

iiimen. What du you mean by tlio Zodiac^ 

i'litor. It is an imaginary broad circle or beffl 

M rounding the heaven.s, about sixteen dtgreesj 

lit' ; along the middle of which runs the cclipprl 

The term Zodiac \a derived fiom a GreefeJ 

"I'l si.^nifying an animal, because each of thei 

he sign.«i formerly represented some animal j' 

It whirl) we now call Libra, being by tlic ii 

' unts reckoned a part of Scorpio. 
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James^ Why are the signs of the Zod{af 
ed by the several names of Aries, TauruSj 
&c.? I see no likeness in the heavens to Bai 
Bulls, or Lions, which are the English wor 
those Latin ones. 

Tutor. Nor do I ; nevertheless, the an< 
saw, by the help of a strong imagination, a 
larity between those animals, and the p 
which certain systems of stars took up ii 
heavens, and gave them the names which 
continued to this day. 

Charles. Perhaps these were originally in 
ed, in the same way as wo sometimes figu 
our imagination, the appearances of men, be 
ships, trees, &c. in the flying clouds or ii 
fire. 

Tutor. They might possibly have no b 
authority for their origin. At any rate ii 
be useful for you to have the names of 
twelve signs in your memory, as well a) 
order in which they stand : I will then 
repeat some lines written by Dr. Watts 
which they are expressed in English, and 
be easily remembered : 

The Ramy the Bull^ the heavenly Twins^ 
And next the Crabf the lAon shines, 

The Vir^n and the Scales ; 
The Scorpion, Archer, and Sea-Goo/, 
The Man that holds the watering-pot. 

And Fish with {;l\UenTif[ tsc^h. 
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Charles. Wc come now to tlic characters 
(iliired before the planets. 

Tutor. These, like the former, are but a kind 
irHhort-iianil characters, whicli it is esteemed 
'^'^ier to write, than the names of the planets at' 
' n^th. They ai'e as follow : 

9 The Herschel. G The Sun. 

' 1; Saturn, 9 Venus. * 

3^ Jupiter. B Mercury. 

t Mars. 5 The Moon. 
■ © The Earth. 

I Vitli the other characters you have no necil to 
riile yourselves, till you come to calculat6' 
> and construct astronomical tables, 
^ which may be deferred for some years 
Turn to the eighth page of the £pbi 

Have we no concern with the interme*. 
Bages between the second and eighth ! 
or. Tbey do not contain any thing that 
es explanation. In the eighth page, after' 
—IBtnon almanac for January, the first two 
pns point out the exact time of the sun's 
^ and setting at London ; thus on the lOth' 
ifey of January he rises at 58 minutes after 7 Ib 
llie morning, and sets at S minutes past 4 in the. 
afternoon. The third column gives the declina- 
lion of the sun. < 

Jamts. What is that, sir ? I 



lat«j 
>> «] 
st| 
be^ 



I 
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Tutor. Tlie iledination of the 
lioavcnly body, ia its OUtance from tb 
nary circle in tlie heavens, called the etji 
Thus you observe tliat the sun's declin 
the 1st ol' January is 33° . . 4' south ; oi 
many degrees soutli of tlie imaginary 
TuiTi tn Marclk, 1303, and you will see 
tween the 30th and 31st daya it is in "* 
tor, for at 12 oVlocIt at noon on tltts 
only 33' south, and at tho same hour on 
it is I' north of that line : and whrai it 
equator, then it has no declinatioa. 

Charles. Do astronomers always reel 
13 o'clock at noon ? 

Tutor. They do : and hence the astrf 
day begins 13 hours later than the day 
ing to common reckoning: and Utere 
declination, longitude, latitude, &c. of 
moon, and planets, are always put dow 
o'clock, at nnon of the day to which 

I opposite. ThnsthesuD'sdeclination for 
of January at 12 o'clock is 20°. . 56' so 
Clutrles, In that because it is the cot 
ment of the astronomical day, thougli 
mon life it be called 13 o'clock i 
Tutor. It is. The three next coluratu 
the moon's declination, the time of bi 
and setting, and the time of her aovt 
when she comes to the meridian or 
the heavens. 
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''hurles. Uocs slip not come to the south at 

II as well an the suni 

^iilor. No J tlie moon never romes to the me- 

III at tlie same time as tlie Bun, but at th« 
V or new moon. Aiitl this circumst«nca 
. '■ place at every new moon, as you may see 

. lii'^ting your eye down the several columns 
III die Ephemeris which relate to tho moon's 
xiiiil liing. 

The glory, the changes, anJ the motion of tho 
mnon, are beautifully described in the following 
lines : 

Ity thy comtiund tlic Hoon, lu cUy-Iig'ht fades, 

Ijfts her broad circle in the deep'ning' shades; 

Afray'd in glory, and etithton'd in light, 

S)ic breaks the aolenin terrors of the nightj 

Stt-eetly iticonslant in her Tuying flame. 

She changes Mill, another, yet the same ! 

Now in decrease, by slow decrees she shrouds 

Her ladingp luatre in a veil of clouda; 

Ka<r of increase, her gath'nn^ beams display 

A blaze of li^ht, and give a paler dayj 

Tea thousand stars adorn her ghtf riug' train. 

Fall when she. falls, and rise with her againi 

And o'er the deserts of the sicy untold 

Their burning spangles of sidereal gcJdi 

Through the wide heav'ns she moves serenely bright, 

Queen of Oic gay attcndaiiJa tjf ilie night; 

Orb above orb In sweet confusion lies. 

And with a height disorder paints the skies. 

BSOOSE. 

James. What do you say of tteTttiCttViHsoi.'*— 
ii£^ dock bejort tits sun ? 



Tutor. A full cxplnnatinn »1' that 
ferred tit! we come lo apeak of (lie aji 
time; at present it will lie sufficient fo 
know that if yim are in possession of 
accurate anil well regulated clock, and 
an excolletit sun-dtal, tliey will be togoti 
four ilaj's in a year ; now this 7th colnm 
Epheineris points out how much the clo< 
fore the sun ; or the sun before the d 
every Jay in the year. On tivelfih'dai 
for iustance, the clock is faster than tbi 
Eix minutes and twelve seconds : but if j 
to May-day you will find that the clock! 
slower than the sun. 

James. What are the four days in tl 
■when the ch»ck and dial are together? 

Tutor. Ahont the I5th of April ; the 
June; the 1st of September; and Chi 
day. 

Charles. By this lahle then we may ( 
our clocks and watches. 

James. In what manner ? 

Charles. Examine on any particular 
dock or watch and dial, at the same time 
o'clock, and observe whether tiic diCferf 
tween them answers to the difference set 
the table, opposite to the day of ubae^ 
Thus on the ISth of March, 1^09. theck 
not show true time nnlesn it be 10'. . $' 
the dial^ or when the dial is 13 o'clock 
ie jo: . 5"past 12 by the c\ocV^ «v -«ii»j 
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degree of the sign in which it is. 
the sun's longitude on the 1st qf Jan 
is in Capricorn 10^. .45'. .14" ; that 
in Cancer 6°. • 4' ; that of Jupiter ii 
13^.35'. 

Charles. There are some short 
the bottom of the former page tha 
omitted. 

Tutor. The use of these will he b 
stood when we come to converse res 
planets'**". 



CONVERSATION XX^ 



■ of the Solar System. 

Tutor. We will now proceed lo \ 
tion of the Solar System. 

James. Of what does tliat consist 

Tutor. It consists of the sun, a 

with their satellites or moons. Jt i 

iSolar System^ from Sol the sun, hem 

is supposed to be fixed in the centre 

• For the explanation of UcVvottwVxvo. \ 
Conversatioa XLh 



if bihI our c»i-th among them, revolve 
i bin Ht ililTeiTiit distiiiiccs. 

itut ai-c tli^c not tjutiic people who 
Be Iliat the sun goes round the earth 1 ' 

6>r, Yea, it is an opiTiion einhraccd by th» 
«lit}' of [rai-soiis, nut accuHtonieil to reasoa, , 
subjertij. It wus ailujited by Plolemy«n 
kiised tlie earth iicrrcc'tly at rest, and thv 
tetBi and hxed stars to i-evolve ahout it 
ff twetity-fnur hours. 
F^Sffies. And U not that the most natural aiip^ 
'I'u'ilion? ^ 

7ii;or. If the sun and stars were small bodie* 
"< ruinpHrison of the earth, and were situated' 
' "It very great distance from it, then the sys- 
I) maintained by Ptolemy and hia followers 
u'lit appear the most probable. 
'urnes. Ai-c the Mun and stars very large ho- 
' ^ Ihen ? 

riilar. The sun is more tlian a million of 
iM larger tlian tlic eartli which we inhabit* 
1 1 many of the fixed stars are probably much 
i^<i^r than he in. 

i'lmrles. What is the reason, then, that they 
, l<i';Lr SO small? 
i'lilor. This appearance is rauacd by thp im- 
nse distance there is between us and these 
Vies. It is known with certainty, that the 
I is more than 95 millions of miles distant 
m the earth, audthenenrcst fixed star is pro- 
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bablymorethantwuhunili'oiltiiiiiisaiMl times f^ 
tber from ns tlnii even the sun liiinscir.* 

Charles. But we caiH furm no cmiccption itf 
anch difltances. 

Tutor, We talk of millions, with as much 
as of huadreds or tens, but it is not) jicrhapl^ 
possible for the itiind to form any adr(|U)ilc ron- 
ceptions of auch higli numtferr^. Several me- 
thods have been ndripted to assist the minit it 
comprehending Hit: vastness of tUtine di»t49^ 
You have Bome idcit of the Hwitttu-ss with iMI 
a canuon-ball pnicecdi^ from the mouth ofvri 
gnn ? 

JameB. I have heard at tlic rate of ci);html)» 
in a minute. 

Tutor. And you know how many mimilea 
Qiere are in a year? 

Jamei, I can easily find that out. by miitti- 
plying 365 days liy 34 fur the number of l(our»i 
and that product by GO, and I shall havetk 
number of minutes in a year, which number)! 
325,600. •, 

' Tutor. Now if you divifie the diataaceof tll*< 
aan fmm the eartli hy the number of mimites tt> 
a year mttltiplieil b.v 8, because the cannoii'b^ 
travels at the rale of 3 miles in one minutei and' 

> Tha youn^ retder nill, when he la able to nanagvAc 
■pbject, aee duaeletrly demonstroted hy a. aeaew o' 
iHoiu in the 5th book of Di'. li^alield's L^atUiites ol 
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'I knnw how \i)ng any botl) K<^uing from 
- >^ itL ll>c vrliKilf Ill's rannan Itnil, nuuld 

in reHtrliiiig llie rttnti. 
'-:. If I .livi<Ii- 9^, 10, 

ill b> 8 i>r^,3(M.:- i l>B 

iLii 22, Itie i)um(i<.-r K. < : tlH] 

. ■ Is it ttirn jirobtible Ual bodies to 
iLiiil at Ftucli ilUtaiicu fVwB tbe cartbf 
rvolvf nxiiiil it cvrry iliv? 
u^. I <Ii> n<i( think it i<i.-IWI1l yoii, »ie, 
< fill tlii^ ttescniilitin uf the Sular StjtUiat 
■. Acriiriltn;^ !n thts sv'*tfTn. lid- mm is in 
. ■ . ■ " 'i ' :■: ■ . ■ ., ,.,1vB 
: lite 



. How many plancta are tlicra b«Iiui{;< 

. There arc swvcn, *■■-■■*!■- -~r-:- -msM. 
> ur t)ir 8anic l.i . ' I'liin 

iu- j-rars. Cfl'l.' :,rB. 



■ ■■'■■ -.^ "V- "•..-Ifi5 L 

I Is fiutiim in f f iiiri/ /ar l>c>M(lil VtmtM 1 
!'lm>rl ncvform^ Ittu rctolutiott IS tt» I 
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disregarded^ or perhaps totallj rejected^ til 
about 300 years ago, when it was revived hj 
Copernicus, and is at length generally adoptri 
by men of science : 

The Sim revoUing^ on his axis tumsy 
And with creative fire intensely bums ; 
Impell'd the forcive air, our earth supreme 
Rolls with the planets round the solar gleams ' 
First Mercury completes her transient yeari 
Glowing refidgcnt, with reflected glare ) 
Bright Venus occupies a wider way ; 
The early harbinger of night and day : 
More distant still our globe teii-aqueous tbrm^ 
Nor chills intense, nor fiercely heated bums. 
Around her rolls the lunar orb of liefat, 
Trailing her silver glories through the nigfat i 
Beyond our globe the sanguine Mars displays 
A strong reflection of primeval rays ; 
Next belted Jupiter far distant gleams. 
Scarcely enlighten'd with tlie solar beams : 
"Witli four unnx'd receptacles of light 
He towers majestic through the spacious he^t ; 
But farther yet the tardy Saturn lag^ < 

And seven attendant luniinaiies drags ; 
Investing with a double ring his pace. 
He circles through immensity of space. 

ClIATTlBTOJ. 



OP xne soLA^K svhtem. 

. None liavc ever- liepii tliscnVercdl 
ig either tu MciTury, Venus, or Mars. Ju- 

lis yiiu (ilisei've by tlio figure, lias four 
i: Saturn liay st'tt-n: and tlie UerscJiol 
li also goes by tlie name of tlie Georgium 
) lias si\ ; these for want of room are not 
n in tlic plate. 

irffs. Tlie Solar Sygtem (lien consists ofthe 
s the centre, mund wliicli revolves sevm 
ts, aii>l eighteen satellites or moons. Are 

no ntlier bodies belonging to it E 

lor. ,TcH, as 1 just observed, four ntliw 

tary bodicB have been very lately disco- 

as belonging to the anlar system. These . 
try small, and named from the gentlemeji 
iscovcreri them, who were Messrs. Piazzi* 
s. and Hai'diiig. They are also called the 

Ferdintimka, Fullds, .hino, and Vesta, 
i are comets also which inalie theu- ap- 
nco occasionally ; and it would be wrong 
vely to a&irm that there ran be no otiier 
t8 belonging 1o the s<ilar f^ystcm ; since* 
:s the four bodies just tnenHoned, it is only 
I these thirty years thivt the seventh or the 

he] has been known to exist as a planet 

I led witli this systeni. 

:i-li-s. Who first adopted tl[p system of tha 

which you liav^ been de-itribiiig? 
tor. It was ntnieivcd anil livtigllt 6y Py- 
vas to hia disi-iples, 5W years Vv'^'.w^'^ow. 
f'ClirisU But it Hecms sonn V« Vwi«^«»» 
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James. Yee, Ican.see tlii; steeple of » ck 
at a much grufter distance than I can iliart 
the iron conductor vhicli is ujiimi it. and till 
can perfectly ^ee long before tiie little pkue^ 
gold wire, wbicli is fixed at its estrcmityi 
visible. 

I'atgr. Welli tiut the top-tnast of a vessel 
sea is always in vipw some little ti me l)cr«rc tta 
bull of the vessal can be disreritpd. Now, If t" 
surface of the sea be globular, this ought to 
the appearanoe, because the pratnbrranre « 
swelling of the water between the vessel flri 
the eye of the spectfttor, will hide tha body: 
the ship some time after the pendant is Mi 
above. 

Charfea, In tJie same way as if a. high bt 
jng, a church for jnstance, were situated on 
sideofahnit andiwa^ walking up on tl>eo( 
site side, the-Bteeple would come firot in si 
and, as I advanced towards the summit, thei 
parts would come surcei^siTely in view. 

Tutor. Your illustration is (juite to the 
pMe: in the atuoe way two pei'sons. wall 
. up a hill on the opposite aides, will ]ie.rcdve 
each other's beads ^rst; and as they adyance 
to the top, the other parts nf tb^ir bodies will 
hecnmo visible. With respect to the ship, the 
following figure will convey the idea very com- 
pletely^Plate y. Fig. 3.) Suppose cab repre- 
seat a sjuaij part of tite imcveA awT^&ce oK \.\^&t».- 
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Diily a small part of the ina.'tt in visible tu liim| 
l)ut aa it advances, more uf llie ship is seen, tilB 
it ai-rive at e, wiicn the wiiole will be in sight v 

Behold, when the glad ship shoots rrani the poll 

Upon full sail, the hulk firat disapncBrs, ' 

And tlien Uie lower, then the higher sails ; * 

At len^h the aummit of tlie toweling; mast r 

Alone IS seeti ; nor less, when from the ship ^ 
The ionfpng sailor's eye, in liopc of shore : 

For tJien, from the top mart, tlio' more remote , 

Than citlker deck, the ahore ia first licheld. J 

Lurn'n EuaasiA. i 

Charki. When I ntood by the sea-side tlin 

water did not appeal* to me to be curved. ^ 

'fiilor. Perhaps not ; but its convexity may? 

Ik- tliacovereil upon any still water; as tipon af 

rivert which is extended a mile or two in lengtlij 

*^i'' you might see a very small boat at thitA 

.thrice while standing upright; if tlien yoj 

■ •<\\i down fio as to bring your eye neai- tW 

iior, jiju will find the surface of it risings W 

<!< ij a mannrr as to cover the boat, and inter^ 

[<t itH view completely. Another proof of thtf 

: ibular figure of the earth is, that it is necesJ 

jiy for those who are employed in cutting ca4 

ii:il», to make a cci-tain allowance for the coil 

^i:xity; since the true level is not a straighj 

line, but a curve which falls below it eigh' 

■ inclics every mile. 

I'l Charles. I have heard of people sa.'K\'ft^'««^ 
J lie wnrtd, which is another prot*!. VVva^^ve** 
''6e giobuiwr lii»-»m «f fi.^ »«»*K ^ 



ASTRONOUT. 

Tutor. It is a well known fact tliat navigi 
liiive set out from a pnrticular port, and 
steering their course cuntiiiually westwi 
Itave at length arrived at the same place f 
whence they first departed. Now had the ei 
been an extended plane, the longer they 
travelled, the farther must they liave been fi 
home. 

Churles. How is it known tliat they contin 
the same course ? might they not have t 
driven round at open sea ? 

Tutor. By means of the mariner's com|)l 
the bistoryt property, and uses of which) I ' 
explain very particularly in a future part of 
lectures, the method of sailing on the ocean 
one certain track, is as sure as travelling ftn 
high London road from the metropolis of Te 
By this method, Ferdinand Magellan saOu 
the year 1519 from the western coast of 8pi 
and continued his voyage in a westward coi 
till he arrived after 1134 days in the s 
from whence he set out. The same with r 
to Great Britain, was done by our ownctt 
trymen Sir Francis Drake, Lord Anson, C 
tain Cook,-and many others. 

Charles. Is then the common terrestrial gl 
a just representation of the earth f 

Tutor. It is, with this small difference,* t 

• muit the eartli loses of ita stftvetico.-j, \i^ nuMCMii 
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the artificial globe is a perfect sphere, whereas 
the earth is a spheroid, that is, in the shape of 
an orange, the diameter from pole to pole hemg 
aboat ST miles shorter than that at the equator. 

James. What are the poles, sir ? 

TiUor. In the artificial globe (Plate y. Fig. 
4*) there is an axis n s about which it turns ; 
iiow the two exti'emities or ends of this axis n 
and 8 are called the poles. 

The globe terrestrial, with its slanting polcs^ 
And all its pond'rous load* unwearied rolls. 

BluiCKaiOBB. 

• 

'y^' l^afles* Is there any axis belonging to the 

? 
TutaTm No ; but, as we shall to-morrow show, 
earth turns round once in every £4 hours, so 
tomers imagine an axis upon whicli it re- 
ives as upon a centre, the extremities of which 
iginary axis are the poles of the earth, of 
tr the north pole points at all times exactly 

proportion to its bulk, as scarcely to be equivalent 
Tint minutest protuberance on tlie siuriace of an orun^^c .- 

These inequalities to us seem great ; 
But to an eye that comprehends the whole. 
The tumour which to us so monstrous secuis 
Is as a grain of sparkling sand tliat ding's 
To the smooth surface of a sphere of glass : 
Or as a fly upon the convex dome 
Of a 8ubl]|ne, stupendous edifice. 



to pt(Vig. l..)the north |>ole of the heavens which 
wft have already described, snd which is, us ym 
recollect, wjthin two degrees of the polar stan 
, Janus. And how An you define tlie e^witorl 

Tutor. The equator a b (Fig 4.) is the cir» 
cumference of an imaginiiry cirtle pa<uiins 
through the centre of the earth, perpendicular 
to the axia n s, and at equal distances from the 
poles. 

Chaiies. And I think you told us, that If m 
conceived this circle extended every way tt 
the fixed stars, it would form the celestial equO' 
tor. , ■ 

Tutor. I did : it is also called the equinocHi 
and you m'uBt not forget, that in this ctUR 
would cut the circle of the ediptie c d in t^ 
points. 

James. Why is the ecliptic marked on the t^ 
restrial globe, since it is a circle peculiar to d 
heavens? 

Tutor. Though the ecliptic be iie.culiar to fl, 
heavens, and the equator to the earth, yet tlWtJ 
are both drawn on tlje terrestrial and ccleeffiill 
globes, in order, among other things, to sliaw ' 
the position wiiich these imaginary circles havi' 
to one another. 

I shall now conclude our present conversa- 
tion, with observing, that besides tbe praufi i 
adduced for the globular form of the earth, thfln | 
are otjliera equally conrAusvNe, -wWilW ^ilLbe \ 
better understood a fcvj Cift^s Vti'ac^. ^^^^^ 
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i CONVERSATION XXVIII. 



[ Of the Diumal Motion of the Eatth. 

k Well, gentlemen, are you satisfied that 
I on which you tread is a globular body 
i nici% extenileil piano? 

Ie». Ailmittirjg tlie facts which you mcn- 

fieil yeatcrday, viz. that the top-mast of a ship 
sea is always visible before the body of the 
isel comes into sight ; — that navigators have 
leatcdly, by keeping the same directionlbailcd 
mil the World; — and (liat persons employed 
digging runala, can only execute their work 
li I'Rect, by allowing for the supposed globn- 
sliapc of the earth, it is evident the earth 
unit h» a mere extended plane. 
riiiiies. But all these factH can I)b accounted 
. upon the supposition that the c»rtb is a 
lie, and therefore you conclude it is n globe : 
^ was, I believe, the nature of the proof? 
Vutor. It was ; let ns now advance one step 
tlier. and show yon thatthisglobcturnsonan 
Aginary axis eveiy twenty-four hours; and 
" y causes the succession uf day and night : 

■ carti lelf'btlunt'd on Uet ueuWeVw^v^- 



156 O? THB BIVKNJCL MQTIOl^ 

James. I shall wonder if you are able to affortj 
such satisfactory evidence of the daily motiot] 
of the earthy as of its globular form. 

Tutor. I trust, nevertlieless, that the argfl-^ 
ments on this subject will be sufficiently convii 
in.s^, and that before we part you will admit 
that the apparent motion of the sun and stars il| 
occasioned by the diurnal motion of the eartk 

Charles. I shall be glad to hear how this can 
be prov ed ; for if in the morning, I look at the 
sun when risingt it apfiears in the east, at noon 
it has travelled to the south, and intkeeveningi 
see it set in the western part of the heavens. 

James. Yes, and we observed the same last < 
nightiMarci) the 1st) with respect to Jtrctv/mh 
for about tight o'clock it had just risen in tho 
north-east part of the lieavens, and when vtt 
went to bed two hours after, it had ascended a 
good height in the heavens, evidently travelling 
towards the west. 

Tutor. It cannot be denied that the heavenly 
bodies appear to rise in the east and set in tha 
west ; but the appearance will be the same to ugy 
whether those bodies revolve about the earth 
while thcit stands still, or they stand still whfle 
the earth turns on its axis the contrary way. 

Charles. Will you explain this, sir? 

Tutor. Suppose grub (Plate vi. Fig. 5.) to 
represent tho earth, t the centre on which It 
turns from west to east, accovAviv^ ta IVkfc <^Tder 
of tJw letters G B c B. l£ as^^ctaX^t ^w>JBfc««- 
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^re of t}iGcai'tli at s, see a star at u, it will appeal 
< < litui to liave just lisen ; if nuw the rartti IM 
'iqipused to turn on itij axie a tbiii'th pHit of i 
revolution) the spectator will be carried fnim - 
loc, anU ttio slur will be Just over his bea' 
wlien anotber lotirtb pai-t uf tlie fcvolutian 
completed, tlie spectator will be at h, and If 
liini tbc stHr at h will be setting, and will nut hi 
Tjfjible again till be arrive, by tiie rotation ol' Um 
carlb, at tbc Htatiun b. < 

Charles. To the spectator, tben, at R tlie aM 
l>earaiice would be tlie same wlietbui- be turnci 
uith tlie eartb into tbe siluation b, ur tbe Htar4 
H liad described, in a contrary direction, ttH 
■<|mce H z o in tbe same time. ■ ; 

THlor. It rt^rtainly would. J 

James. But if tlir eartii really turned on U| 
axis, sliould we not perceive the motion. 

Tutor. Tbe eartli in its diurnal rotation bell 

subject to no impcdiinents by resisting obstac] 

its iitotioti canniit affect tlie iienses. In the sa 

. vay ships on a sniootb soa are frequently turni 

entirely round by tbe tide, witliout tbe knai^ 

' l>'<lge of those pei-soTis who bajipeii tu be buM 

lit (he cabin or between the decks. ] 

Charles. That is, because tbcy pay no atteM 
fi'in to any othoV object but the vessel in ^'I>i4 
\\\\^y are. Every part of tbe ship movca viHi 
'licinKelves. '■ 

James. But if wbilc tbc sliip is turning, with 
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out their kTidwledge^ they happen to be h 
at fixed distant objects^ what will be tl 
pearance ? 

Tutor. To them, the ohtj^cts which i 
rest will appear to be turning round the'coi 
way. In the same manner we are decei 
the motion of the earth round its axis ; foi 
attend to nothing but what is connectei 
the earth, we cannot perceive a mot 
which we partake ourselves, and if we t 
eyes on the heavenly bodies, the motion i 
earth b^ing so easy, they will appear to be 
ing in a direction contrary to the real i 
of the earth. 

Charles. I have sometimes seen a sk; 

hovering and singing over a particular fii 

)"■ several minutes together; now if the ea 

continually in motion while the bird rems 

■i the same part of the air, why do we not s 

;,!' field, over which he first ascended, pass 

under him ? 

Tutor. Because the atmosphere, in whi 
lark is suspended, is connected with the 
nai'takes of itq motion, and rnrrips the 
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tlie earth on its asifi, the smnotlmf ss 
on, and its effect on the atinospliere, 
«d by Milton in three lines 



4 



— i-TliRt spinning sleeps 

soft axle as Elie paces even, 

^ra us swift with tiie amouth gjr alan^. 



Though the motion of a ship cannot 
I willinut objects at rest to cotn|mre 
; I cannot help thinkiuj^ tliut il' tlie 
"idi we should be able tn discover it 
f the stare if they are fixed. 
io you not remember once sailing 
F on the river, whofi you told me that 
It all the trees, houses, &c. on its 
in motion ? 

I now recollect it well, and I had 
ilty in persuading myself tliat it was 

This brings tu my mind a still 
ception of this sort : when travelling 
spi'i^d in a post-chaise, I sudderdy 
I sleep in a smooth but narrow road, 
i Hcarccty help thinking, for several 
It that the trees and hedges were 
'a> from us, and not wc from them, 
R'iil mciilion anothercuriotis instance 
id : if you ever lvA\>\wn to \s»N*(\ 
If" ill H rarriago by l\ic tt\4c ^il ^f^^^ 
^ long narrovi nt\gc8, w\i V'^'4^''*'! 
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dicular to tbe road^ you will think that aD tks 
rid^tj^es are turning round in a direction contniy 
to that of the carriage. These facts nay satiflQf 
you that the appearances will be precisely tbo 
same to us, whether the earth turn on its axif 
from west to east^ or tiie sun and stars iddtq 
from east to west. 

Jaines. They will : but which is the mors 
natural conclusion ? 

Tutor. This you shall determine for yoarselL 
If the earth (Plate y. Fig. 4.) turns on its aib 
in £4 hours, at what rate will any part of tbe 
equator a b move ? 

Charles. To determine this we must flitd tte 
measure of its circumference, and then diridiiy 
this hy 24 we shall get the number of mibi 
passed througli in an hour. 

Tutor. Just so : now call the semi-diameter 
of tlie earth 4000 miles, which is rather mm 
than the true measure. 

James. Mnlti])lylng this by six* will gife 
24,000 miles for tlie circumference of the earth 

* If the reader would be accurate in his calculations hcimrf 
take the mean radius of the earth at 3965 miles, and this 
muhiplic d by 6,28311 will give 24,912 miles for the cireiun- 
fcrencfc. Through the remuinder of tliis work, the dcciinal* 
in multiplication are oinittul in order that the mind may not 
be biu'dened with odd numbers. It seemed necessary, now- 
ev(ir, in thin place to give tJie true somi-diametcr of the earth, 
iuiil the number (accuitite to five \Aajtt^ ciS &ac\isAl&'\ by, 
if'Jj/cJj If the radius of any c\rc\c be nvwiVVAvXifc^ ^^ csssss^ 
ivrtnccts obtained. 
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e equator, and tliiii (lividrd by S4, gives 
'les for tlie space pasHed thiougli in an 

. You are right. The sun, I Iiave al- 

Id you, 19 93 milliflns of miles distaid. 

3 earth : tell me therefore, CliarleH, u 

e that body must travel to go round tfaw 

I in S4 hours i \ 

urles, I will ; 96 millions multiplied bjg 

nil give 570 millions of miles for the leng^ 

I circuit, this 'divided by 24 gives nearlv 

Ulions of miles t'ui' tlie space he must travd 

I hour, to go round the earth in a day. j 

or. Which now is' the more probable conS 

I, either that the earth should have a diur- 

a on itfi axis of 1000 miles in an houFM 

he sun, which is a million of timeC 

^ than the earth, should travel 24 millionu 

a in the same time ? j 

». It is certainly more rational to coiw 

at the earth turns on its axis, the eSbct! 

I you told us was the alternate succes>, 

lay and night, 

. I did ; and on this and some otbei^ 
p we will enlarge to-morrow. !| 
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CONVERSATION XXIX. 



Of Day and Night. 

James. You are now, sir, to apply the rott* 
tion of the earth about its axis to the snccMioi 
of day and night. 

Tutor. I will ; and for this purpose* soppoA 
6 B c B (Plate VI. Fig. 5.^ to be the earUii r6- 
volving on its axis, according to the order of tU 
letters, that is, from g to b, r to c, &c* If the 
sun be fixed in the heavens at z, and a llneHl 
be drawn through the centre of the earth T, it 
will represent that circle, which when extendeA 
to the heavens is called the rational horizmu ' 

Charles. In what does this differ from th6 
sensible horizon? 

Tutor. The sensible horizon is that circle in 
the heavens which bounds the spectator's vieWi 
and which is greater or less, according as he 
stands higher or lower. For example ; an eye 
placed ^Xjive feet above the surface of the earth 
or sea, sees 21 miles every way : But if it be at 
20 feet high, that is four times the height* it will 
see 5i miles, or twice the distance.* 

*See Dr. Aabworth's Trigoiiomti^ry* '^tw^* ^V^A. 'WSt 
^on, 1803. 
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Charles. Then the sensible difTcrs ri'om the ra- 
al horizun in this, that the former is seen 
ti the surface of the earth, anil tlie latter is 
{Msed to be viewed fi-om its centre, 
"utor. You are rights and t)ie rising and 
ing of the sun and stars are always referred 
lie rational horizon. 

qfoes. Why so 'i they appear to rise and set 
iooti as they get above, or sink below that 
ndary which separates the visible from the 
sible part of the heavens, 
'tdor. They do not, however : and the reason 
lii.i, that tlie distance of the eun and fixed 
•s is so gi-eat In comparison of 4000 miles 
: difference between the surface and centre 
lie earth,) that it can scarcely be taken into 
>iint. 

harles. But 4000 milca seem to me an im- 
ise space. 

'nlor. Considered separately, they are so, 
when compared with 05 iniilions of milest 
distance of the sun from the earth, they 
ost vanish as nothing, 
antes. But do the rising and setting of the 
■a, which is at the distance of £40,000 milea 
., respect also the rational horizon I 
ittur. Certainly; for 4000 compared with 

fbear only the proportion of 1 lii 60. 
two spaces were marked owt a'ft »3br. 
iifferent directions, t,b«owft ^ft» %»il'^ 
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other Gl yardsr ihould yi\i at ance be a^teK 
distingiiis)! the gn>uter IV.m>i tlic hsu i 

Charles, I thiiikwot 

Tutor. JoBt'intJK same maiiii^i- fioes lie 
diatance of the centra from the surface of the 
earth vaniab in-conijiai-ison of its distance fr 
the moon. 

Jameu We mnst not, however, forget 
BuccesBion of day uid night. 

Tutor. Well then ; if the sun be supposed 
z, it will Uluminate by its rays all that parti 
the earth that is above the horizon h o : to " 
inhabitanta at o*. its western houndary, tt 
ai^ar just rising} to tiiosc situated atR,it 
be noon ; and ia tboae in the eastern part of l 
horizon o, it will be setting. 

Charlts, I see clearly why it should he w 
to those who live at e, berause the sun is ji 
over their heads* but it is not so evident, wh}' 
the aun must appear rising and setting to tho» 
who are at o urd c. 

Tutor. Tou are aaitisfied that a spectator cu* 
noti from any place, observe more than a semi- 
circle of the heavens at any one timtl ; now whit 
part of the heavens will the spectator at b ob- 
serve! 

James. He will see the concave hemispfaerft 

Z O M, . ' 

Tutor, The bonndarr to bia view will H- 1 
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appears to describe a greater or a less cirds 
round these, according as it is more or leas n^' 
mote from those celestial poles. 

Charles. When we turn from that hemisphm I 
in which the sun is placed, we immediately gait' 
sight of the other in which the stara aresitnatBd* 

Tutor. Every part of the heaven is decorated 
with these glorious bodies : and 

Night opes the noblest scenes, and sheds an uwe^ 

Which gives those venerable scenes full weighs 

And deep reception in th' mtender*d heart. 

This gorgeous apparatiu ! fiThis display ! 

This ostentation of creftve power ! 

This theatre ! what eye can take it in ? 

By what divine enchantment was it rsds'd 

For minds of the first magnitude to launch 

In endless speculation, and adore } 

One sun by day, b)r nig^it ten thousand shine : 

And light us deep into tlie Deity ; 

How boundless in magnificence and might ! 

Yoinrff. 

James. If every part of the heavens be thin 
adorned, why do we not see the stars in the di^ 
as well as the night ? 

Tutor. Because in the day time, the son's 
rays are so powerful, as to render those coming 
from tlie fixed stars invisible. But if you ever 
happen to go down into any very deep mine, or 
coal-pit, wliere tlie rays of the sun cannot reach 
the eyCf and it be a clear day, you may by look- 

inj^ up to the heaveuSj see iW ^^w» %X T«««Lifc 

^voJJ as in the night. 
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tarles. If the eitrtli always I'evulve on its 
ill -24 lioiij-s, why does the length 'if the days 
lii^lits iliUVi-iri dilli'tTtit seasons of the year? 
'I'}r. This ilfpori<l:4 on other causes con- 

I with the rurlh'!) aimwiU Journey round 
J. iijinn wliich wts will converge the ne\t 

we inocf. 



CONVERSATION XXX. 



|f>f the Aunuil Motjoii nf the CkHIi. 

I Bctside^ t!ie dinrnal innfion of the 
yvhich the Huccebsiun of day and night 
* ; it huH itnutlier, called its anttnat 
Bliich is the joiinicy it performs rnund 
i 3fi5 di\y», fi lioiii's, 48 ininutcsf kihI 

•te*. Arc the different seasons tn be ac- 
iiiMJ for by this mtitiun of tlie carlli ? 
iilar. Yea, it is the caiieo of the difltercnt 
' the days and nighln, and conacquent- 
jdiBbreiit seasorisi viz. SpnTi5,Sw.'«vnaT» 
Tnd ff'itilfr: 
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It shifts the seisons, months, and day9. 
The short-Hv'd offspring of revolting tiinc ; 
By turns they die, by uimB me bom. 
Now cheerful Spring the circle leads 
And strewa vith flow'rs the smiling' meads i 
G»y Summer neiit, whom russet rohea tdora. 
And waving fields of jeljow com ; 
Tbcn Autunu), who with lavigli siorei the lap of Kt 
lure spreads i ' 

Decrepit Winter, Uggard in the dance 
(Like feeble age oppresC with pain,) 
A lieaty sensoii does mHintaln, 
With djii'ing snows and winds and rain ; 
Tilt Bpnng recruited to advuticc. 
The various year rolls round again. 

Hiiann. 

James. How is it knnwn tliat (he eai-th Ol 
tliia annual journey round tlic aun ? 

Tutor. 1 told you yesterday, that tfirougll 
shaft of a very deep mine, the atars are vis 
in the day as well as in the night ; they ar« $ 
visible in the day time, by means of a telew; 
prnpevly fitted up fur the purpose ; by tliw' 
thod, the sun and stars are visible at the 
time. Now if the aun be seen in a line 
fixed star, to-day at any particular hour* it % 
In a few weeks, by the motiun of the earl% 
found ciinsiderably to the enst of him: 1^ 
the observations be runtinucd througlt tlieyl 
•we shall be able to trace him round the hesT 
to the same fixed star from whirh we set i 
consequently, the sun must have made ajoUH 
round the eartU in lha\ tivnt ■, <»r tUa earth nfl 
Jiim. T 
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And the sun bcin^ a million of fimM " 
the earth, yuu will say tirat itismnre 
iBt the smaller hody should go ruund 

n the reverse. 
That ie a proper argument; but it 
ted in a much stronger nianner. The 
rth mutually attract one another) and 
are in equilibriu by this attraction^ 
^heir innmenta must be equal,* there- 
Ih being the smaller body, must make 
motion what it wants in the quantity 
tr, and, of course, it must be that 
)rms the jmirney. 

lut if you refer to the principle of 
> explain the mutual attraction of the 
,rth. it is evident that both bodies 
nuiid Slime point as a common centre. 
Tliey du ; and that is the common 
iravity of the two bodies. Now this 
jen the earth and sun is within the 
the latter body. 

I understand how this is ; because 
of gravity between any two bodies, 
I much nearer to the centre of the 
rthan the smaller, as the former c«n- 
atcr quantity of matter than the lat- 

fou are right : but you will not coiiit ■ 
because the sun is a iniUww ^^ij 

'See CoKVCWation XIV. p. 7^- 
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larger than the earth, therefore it contains t 
quantity of matter, a million of times greater 
than that contained in the earth. 

James. Is it then known, that the earth ii 
composed of matter more dense than that which 
com|)oses the body of the sun ? 

Tutor. The earth is composed of matter four 
times denser than that of the sun ; and hence the 
quantity of matter in the sun is between two 
and three hundred thousand times gi*eater than 
that which is contained in the earth. 

Charles. Then for the momenta. of these two 
bodies to be equal, the velocity of the earth must ' 
be between two 'and thre^e hundred thousand 
times greater than that of the sun. 

Tutor, it must : and to effect this^ the centre ' 
of gravity between the sun and earth, must ke 
as much nearer to the centre of the sun, than it 
is to the centre of the earth, as the former body 
contains a greater quantity of matter than the 
latter : and hence it is found to be several thou- 
sand miles within the surface of the sun. 

James. I now clearly perceive, that since one 
of these bodies revolves about the other in the 
space of a year, and that they both move round 
their common centre of gravity, that it muHt, of 
necessity, be the earth whicii revolves about the 
sun, and not the sun round the earth. 

Tutor. Your inference is just. To suppose that 
t/w sun moves round tV\c e^vlXv V^ ^^^ ^wwtd ta 
to maintaiiu that a imVV-aVAiW CQ\M.\i^i!i»^>ft 
^ove round a pebble. 
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ONVERSATION XXXI. 



I will now show you liow tlie (lifTePMtt'il 
ire produccil by tlie annual motion of 

Upon wliat do tliey (Jepcrid, sir? 
Tiie variety of the seasons depends 
lGn,^lii oflbe iliiys and iiiglitA ; and 
the position of the earth with respect 

[ But ir the earth turn round its ima* 
is every 24 hours, ought it not to en- 

days and niglits all liie year? 
This woulffbc the casi' il'tiieaxisorthft 
(Plato VI, Fig. 6.) were |ier)ienilicu]ai' 

K drawn thcou.ich the eenlres ofthe sun 

; fur then as the sun ulways enlight- 
iir iif the earth Ly itM rays, and as it is 
y given place on the Rluhe, so long as 
! coritinueM in the enlif^htenei) hemi- 
pery part, exrept the two poles, must, 

rotHtion nn its axis, be one half of its 

t light and the other halt' in (tarkiieis»i : 

Bf words, the dayn and nisliis would 

» alt the inliabiliinla t(\ IV.*? <;w\V» t-s.- 

tbose, if any, wlm Vi-Jc aX VV« ^'^'^ 
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James. Why do you except the people at tin 
poles ? 

Tutor. Because the view of the spectator 
situated at the poles n and s, must be bounded 
by the line c £9 consequently to him the sun 
would never appe^ir to rise, or set, but alwiji 
be in the horizon. 

Charles. If the earth were thus situated, woold 
the rays of the sun always fall vertically to tbe 
same part of it ? 

Tutor. They would : and that part would be 
£ q the equator ; and, as we shall preseotlly 
show, the heat escited by the sun being greafttf 
or less in proportion as its rays come more et 
less perpendicularly upon any body, the parts rf 
the earth about the equator would be scorcked 
up, while those beyond forty or fifty degreci 
on each side of that line and the poles, woiM 
be desolated by an unceasing winter : 



-Some say the sun 



Was bid turn reins fix)m th* equinoctial road 
Up to the Tropic Crab; thence down amain 
My Leo, and the Virgin^ and the Scales 
As deep as Caprtcorh, to bring in chan|^e 
Of seasons to each clime : else had the sprin|^ 
Perpetual smil'd on earth with verdant fiowen, 
Equal in days and nights, except to those 
iieyond the polar circles ; to them day 
Had unbcnighted shone, while the low sun 
'I'o recompense his distance, in their sight 
Jlad roundcdstill th' horizon. 




B Lhe Ici-restrial globe, drawn parallel to 
Miatitr. 
Tjamcs. Is that tlic reason why our days 
WBnla Ilie middle of June are sixteen hoot 
lung, and the nigiits but eigtit hotirsi 

Tutor. It 19 : and i( you look to Uto p 
next beyond that marked d l, you will tue-* 
Htill greater dispropnrtion between tbe day«f^ 
■light, and the parallel more north than 0&\ 
entirety in the tight. 

Cliarlcs. Is it then all day tliei-e ? 

Tutor. To the wlioie space between that' 
the polo it is contiimat day Tor sume time* 
duration of which is in proportion to it* Tic 
ty to the pole j and at the pole ttiere is a | 
manent day-light fur six months together. 

James. And iluriiig that time it must* 1 1 
pose* be niglit to the people wlio live at 
south-pole I 

Tutor. Yes, the figtire shows that tlie ooi 
pole is in darkness ; and you may observe, i 
to the inhabitants living in cqiial itanDtif 
latitude, the oac north, and the other sontlif II 
length of tbe days to the one will lie atlMI 
ctiuid to the length of the nigbU to t)>e otbu 

CliarUs. What then shall «o sayoftboBovl 
live at the equator, and cossequently who I 
no latitude ? 

Tutor. To tbeni tb« days and nights ara I 
tvatft equal, and of course twelve botifs ead I 
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f and this is also eviilent from the Rgtire, 
in every position of ttie globe one hair uf the 
ator is in the light and the othei- hair in 
kness. 

antes. Ift then, the length of the days is the 
so of the different suasons, there can be no 
iety in this respect, to those who live at the 
atur. 
Tutor. You Beem to forget that the change in 

seasonB deiicnds upon the position of the 
th with renpcct to the sun. that is. upon the 
lendicularitit with which the rays of light fall 
n any [uirtirular part of tho earth; as well as 
n the length uf days. 

Viarks. Dor's tliia make any material differ- 
e with ri'garil to the heat of the sun i 
Vittor. It does; let a b (Plate vi. Fig. B.) 
resent a portion of the earth's surfacer on 
ich the sun's rays fall perpcndirularly ; let 
. represent an equal portion on which thejr 

obliquely or aslant. It is manifest that b c^ 
ugh it be equal to a b, receives hut half the 
it and heat that a b does. Moreover, by the 
's rays coming moi'e perpendicularly, they 
le with greater force, as well OS in greater 
ibors, on the same place. 



L 
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of the Seasons. 

Tutor. Lot us now take a view of the eulh! 
its annufll course lauiiO tli^Huii, c»nsideri»4 
axiHiis inclined 23 j (l^grccHtoaUncpefpendia 
lar to its orbit, anil kerpin);, thriKigh its wk 
JQiirnpy. a directinn parallel to ilBfilf; Rnd; 
will find, that acmrding as tlieeaKli UJR-i 
ferent parts of its orliil, tlie rays of th« atutt 
presented per)tendicularly tn the crjuitori 
every point of the glohei within 23J '" 
it both north and south. 

This figure. (Plate vi. Fig. 9.) rcprosei* 
earth in rourdiffereiit parts of its orbit, or I 
is situated with respect tn the sun in ttw nKHj 
ef Marrh, June, September, and DecerobM. 

Charles. The earth's orbit is not made cM 
lar in the figure. 

Tutor. No : But the orbit itself is nearly 
cular* but we are, however, supposed to fiM^ 
from the side b n, ami therefore, though khH 
a circle, it apjiears to he a long ellipsis. AUo 
des appear elliptiral in an oblique view, U 
evident, by looking obliquely ntthe riiii of* 
■in, at 8oino distance from you. Forttaol 
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ircle can only be seen, wlien tlic eye 
r its ccntr(\. Yon observe tbat 
bt In the centre. 

il»; and it appc^nrs nearer to the 
winter, llian in tlio summer, 
fe arc inJeeil more than tluce, mil- 
i nearer to tlie sun in Dccemi 
n Jrinc. 
Ifi tliis poasible? and yet 
»Ider than the summer. 
Notwithstanding this, it is a wel 
For it is ascertained, tbat our 
t is, tlie time that passes between 
md autumnal equinuxea, is nearly 
mger than our winter, or the time 
e autumnal and vernal equinoxes. 
iy the motion of the earth is slower 
)0 than in the latter, and there- 
shall see, it must be at a greater dis- 
the sun. Again, the siin's apparent 
greater in our winter than in sum- 
le apparent diameter of any object 
proportion as oui' distance from the 
tninished, and therefore we con- 
re are nearer the aun in winter than 
The sun's ajipiirent diameter in 
'..47"; in summer 31'. .40". 
<ut if the earth is farther from tbfl 
kerthan in winter, why avftow: 
I colder (Iian oiir sunimct%1 



mil- 

m 
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Tutor. Becailae first in the Bummer, tbt 
rises to a miirh gri'atcr height ttbnvc oa^ I 
znri, and therrfote its rays cmtitnj; more po* 
dirulm-ly. moreof thumi »» ve Hkowtil y^M' 
tcrday. must fiill upnn the Burrncc orttif 4 
and come ulsn wltli grcntei- fiti-ce. wtticil I 
priiiri))al cmine of niir grest fiuminci-*!) Iieaiil 
condl}'< in thi^ siiinnter, tlic cinys urr very k 
and thfi niglits shurt ; tht-n-t'in'^ th<> earlK < 
air arc heated by (he Biin in the day, more-l 
they are cooled in the night. '' 

James. Why liave wc not, then, tlie grt 
beat at the time when the days are Inngeat 

!rufOT-. Tlie hottest season of the ymtr Iv 
tainly a month or two after this, which n^ 
thus accounted for. A body once heatMl \ 
not grow rold again instantaneously, butgr^ 
ally ; now, a^ long as mure heat cumes fWtrf 
sun in the day, than is lost in the night, UrtI 
of the earth and air will be daily increasing 
this must evidently be the case for anmvill 
afler the longest day. botli on account if 
number of ray^ which fulls on a given ol 
and also fmni' the perpend icular direcM 
those rays. 

.Tames. Will you now explain to UB in 
manner the seasons are. prn'lureil ? 

Tutor. By refening to the figure (PlaH 
Fig. 9.) yon will olisirve, lh.it in the miOii 
June, thD nurth-polt; of the eaitli inclini 




|nn> and cnnsequcntly lirinj^H all tbe 
|Ha of the globe niore into light, tbaa 
)r time in the ycur. 
Tht^n tu ttie people in tiiose parts it 

tis: butinDrceniber,wheti the earth 
pposile |»irt of ila orbit, the iinrth- 
^sfriim tlio BUiit which occasiuns the 
bees tu be more in tlie ilark than in 
. and the I'ovcisc at tlie southern 

k it then auraniei- to tlie iiiliabitanta 
hern hcniiBpliere? 

fts, it is; iinil winter tq us. In the 

Marrh and September, the axis oC 

uca tmt int'liite Id, nor decline from* 

Ht is perpcndirular to a line drawn 

tre. And then the poles are in the 

[' light and ilarkneHS, and Die suil 

illy vf.rtical to, or over tiic eqiiator, 

kl day 'and niglit nt all placea. Now 

iiiul motion of the earth in itt orbit 

rxell'. n^ it is represcntud in the figure. 

les. I will, air: abont the flOth of March 

th,tsin Lihnv, and consequently to ita 

I the sun will appear in Ariesi and be 

i; equator. 
iLnd tlien the equator and all its pa- 
■qualiy diviilud between the light and 
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equal all over the world. As the earth pw 
Its journey from March to June» its 
hemisphere comes more into lights and on 
£lst of that month, the sun is vertical to 
tropic of Cancer. 

Tutor. And you then observe that all 
circles parallel to the equator are uneqi 
divided ; those in the northern half have 
greater parts in the light, and those ia 
southern have their larger parts in darknai 

Charles. Yes ; and of course it is sumner 
the inhabitants of the northern hemispheres 
winter to the southern. 

I now trace it to September, where I ftnf 
sun vertical again to the equator, and of 
the days and nights are again equal. And 
lowing tlie earth in its journey to DecembeTi tf 
when it has arrived at Cancer, the sun ajqMMl 
in Capricorn ; and it is vertical to that part d 
the eartli called the tropic of Capricorn, uA 
now the southern pole is enlightened^ and all As 
circles on that hemisphere have their largff 
parts in lights and, of course, it is summer Ik 
those parts, and winter to us in the northM 
bemisphere. 

Tutor. Can you, James, now tell me why tte 
days lengthen and shorten from the equator to 
the polar circles every year? 

James. I will try to explain myself rni tto 

subject Because t\\e sutv \w 'NLdxcV^ N««tkil 

to the equator^ and Croui \!lci»^V. Wm^ V^\XiA%Vftb^ 



kit becuinea vertical surrtsaively to aU 
Lpiirts uf ttic^ eai'tli between llie eijuator^ 
iie tropic of Cancer, and in inoiioition w 
HBies vertical to tlie inoi-e nuriliei-n fttvtt. 
keartht it derliiies from tlic southern, and^j 
Kuently, ti> l\n: rui'mi?i- (lie days len;;tl>eitt„ 
■ the latter tliey slioitcri. Fi-oni June to ' 
nber the sun is agaiti vertiral sucressiveljr 
lithe same parts at' the earth, hot in a re- 

Kriet. Since it is Kunimcr to all tlineo partt. 
KUirtbf where the sun is vertical, and w•^ 
Bmt the sun is vcrticnt twice in the year t* 
pDRtor, and every pni't of the ghihc be- 
k tlie ««|uator and tropics, there must bt 
pro Rummers in a year to all those plares. 
■or. There are ; and in those parts near tbf 
nr/they have two harvests every year«-^. 
K ynur brother finish his dfHcriptioti. 
bc*> From September to December, it m^ 
Mvcly vertical tH nil the parts of tbeeartn 
mi between the vc^uator and the tropic afl 
Korn. which is also tlie cause of the len^tbJ 
Eflf the days in tlif< southern licmispher^JI 
H their becomint? shorter in the noithrrid 
hor. Can you, Charles, tell me wliy Ihei'H 
betimes no dny or ni^ht fur some littlH 
ngetiu'r within tliu polar circles f 4 

prles> I'hcsuiiiilwHysflhinesupon tUoearth J 
krecs every way, and when be is vertical t« 
Hi^'CMiteer, wltuli'isfi^i (legre«StluMilta 
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of the equator^ he must shine the same numhvj 
of degrees beyond the pole^ or to the polar cii 
and while he thus shines, there can be no nigUi 
to the people within that polar circle; andi d\ 
course, to the inhabitants at the southern pofat 
cirrhs there can be no day at the same timeififj 
as the smi's rays reach but 90 degrees every wijij 
they cannot shine far enough to reach themii 

Tutor. Tell me, now, why there is butonedif i 
and *iii!^'i»i in the whole year at the polra? 

C/turies, For the reason which i have juntgii 
en, thi' sun must shine beyond the north-]iolei 
the time he is vertical to those parts of the eart^l 
situated between the equator and the tropic rf 
Cancer, that is. from March the Slst* to Sff- 
tember th<' 20th, during which time there cab be 
no night at the north-pole, nor any day attlid 
south-pole. The reverse of this may be appM 
to tlie southern pole. 

James. 1 understand now, that the lengthei- 
ing and shortening of the (lays, and diflTei'ent set- 
sons, are produced by the annual motion of tto 
earth round the sun ; the axis of the earth* intE 
parts of its orbit* being kept parallel to.itaeK 
But if thus parallel to itself, how can it in aD 
positions point to the pole-star in the heavensi 

Tutor. Because the diameter of the earth'fe 
orbit A c is nothing in comparison of the dis- 
tance of the earth from the fixed stars. SappoM 
you draw two pavwWeX \\w^^\lV\«^ distance af 
three or four yards from on^ w^Wast^ 
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A both point to the moon wbiin eiic ia in the 
hiiriKim ? 

Jaiaes. Three or four yardn cannnt be nc- 
cuunteil as »iiy tiling, in coin|mnHon of 240 
tiinuHanil miles, tlie distance of tliu inoon rruto 
Ok. 

Tutar. Perliaps three yavils bear a much 
«rpat^r proportion to 240 thonsan'l miles, than 
liKi milti'ins of mileH bear to our distance from 
tlic jHiIiir star. 



CONVERSATION XXXIll. 



of the Equiitian of Tiine. 

Tiilnr. You are now. I prrsnme, nrqnaintPil 
I ii llin molions pcculiiki' to this gh>bt' on which 

'Kirks. Yes : it bus a mtatioii on its axis fVnm 

.'. tij east evnry 34 hniii's. by whirb il«y nnil 

i:;bl are prodiireil. and also the a|ip»rriit iliur- 

iil million of the henvrris fiom t'aHt to wrHt. 

James. Tli? other in itn ithiiiial rpvolnlion in 

Iiit roumi the Niin. likewise U-w\ wrxt 1o 

I, ;it thr (fi<^ltin(.-e of abuiit95 mWionaQK win 
( rlio sun. 
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Tutor, You understand also, in what manner 
this annual motion of the earth, combined wi 
tiie inclination of its axis, is tiie cause of tiie 
variety of seasons. 

We Mill therefore proceed to investigate MB* 
otlier curious subject, viz. the equation of timei 
and to explain to you the difference between €qn$l 
and apparent time. 

Charles. Will you tell us what you mean iif 
the words equal and apparent^ as applied to time) 

Tutor, Eiiual time is measured by a clockr 
that is supposed to go without any variatioMfi' 
and to measure exactly 24 hours from nooati 
noon. And apparent time is measured by tto 
apparent motion of the sun in the heavens^ tf 
by a good sun-dial. 

Charles. And what do you mean^ sir^ by fte 
equation of time ? 

Tutor. It is the adjustment of the differencs 
of time, as shown by a well-i*egulated clock uA 
a true sun-dial. 

James. Upon what docs this difference de* 
pend ? 

Tutor. It depends Jirst^ upon the inclination 
of the earth's axis. And secondly upon the el- 
liptic form of the eai'th's orbit ; for, as we have 
already seen, the earth's orbit being an ellipse, 
its motion is quicker when it is in periheHoHt or 
nearest to the sun ; and slower when it is in 
aphelion^ or farthest (Ltrnvv W\e. ?»\\w. 
Charles. But I do not ^et cv^m\lr^^YA^Va^ 
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lilinii or tiie eai-tli b»s tu do with tlio going 
l(ii;k 01' watch. 

or. Tlic rotation of the cm-tli is the moat 
Ic ant) uniform nioiion in nature, and is 
etcd in 23 hours. 56 minutes, iind 4 se- 
; this8|>acc of time iscalleil a sidereal day, 
iv »ay meridian on the earth will revolve 
I fitted Btiir. to lliat Htur again in tliis time. 
solar or natural day, whirh our dorks are 
led to measure, ia the time whirh any me- 
. on the earth wil! take in revoh ing from 
n to the sun again, wliirliisabout24 hourSf 
imen a little moie, hut genPrally less. 
u«. What occasions this diifcrence between 
Jar and sidereal day ? 
iar. The dit^tancc of the fixed stars is au 
, that Ihe diameter of tlie earth's orbit> 
h 190 millioiiH of miles, when compared 
U is but a poi tit, and therefore any meridian 
< earth will revolve from a ^xed star to that 
gain in exactly the same time, as if thft 
had only a diurnal motion, nnd remained 
s in the same port of its orhit. But with 
't to the sunt as the earth advances almost 
ree. eastward in its orbit, in the same time 
t turns eastward round its axis, it must 
mor« than a complete, rotation hcfiire il 

Sinto the same position with the sun that 
4ay before. In the same way, as when 
lands of a watch or cWk a>;t (\'iS\M^ 
welre o'ctock, the mViwiXe-^i'a.tv*. tomk-"^ 
qa ^ 
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travel more than a whole circle before it id 
overtake the hour-liaiid, that is, before they ^ 
be in the same relative poHition again. Thuifl 
sidereal days are shorter than the solar ones) 
about four minutes^ as is evident from obaenr 
tion : 

Watch with nice eye the earth's diiimal way, 
Marking her solar and sidereal day ; 
Her slow nutation, and her varjong^ clime, 
And trace with mimic art the march of time. 

BuT4iric GABpn 



Charles* Still I do not understand the 
why the clocks and dials do not aj^ree. 

Tutor. A good clock is intended to mea* 
that equable and uniform time which the ro 
tion of the earth on its axis exhibits. When 
the dial measures time by the apparent motiof 
the sun, whichy as we have explained, is subj 
to variation. Or thus : though the earth's i 
tion on its axis Jbe perfectly uniform, and con 
quently the rotation of the equator^ the piam 
which is perpendicular to the axis, or of i 
other circle parallel to it, bo likewise equal 
yet we measure the length of the natural day 
means of the sun, whose apparent annual mot 
is not in the equator, or any of its parallelsy 
in the ecliptic, which is oblique to it. 

James. Do you mean by this that the equi 
of the earth, in its annual journey, is not alw 
directed towards the cei\tr« oi tVi^ «\k^? 

Tutor. 1 do : twice oiAy vbl tYkfc ^tm, ^ 



OF THE EUCATION OF TIME. 187 

n tho centre ol' the sun tu tliat of tlin 

Msses throu^li those points where the 

1 ecliptic cross utie aiiuthtM' ; xt all 

I, it passes tlirough some other pnit 

tbliquo circle, which is represented on 

) by the ecliptic line. Now when It 

rough the ecjuator or the tropicHi whicb 

'u circles parallel to tho e(|uator, the sun and 

I locks go together as far as regards this 
I', hilt at other times they iliflcr, because 
'/ {lortioits of the ecliptic pass over the meri- 
I' 111 nneqiial parts of time on account of its 

I'liry. 

■'.ij-tes. Can you explain this hy a figure ? 

1 ''Uir. It is easily shown hy the globe whicU 
iL^ure If N :o. s (Plate vi. Fig. 10.) may rc- 
iiil ; f ^ will he the equator, V s ^b the* 
.M in half the criiptit, and T V3 * titcsouth- 
: ili'. Make chalk or pencil marks a, b,c, d,t, 

. ''.all round the etpiator and ecliptic, at rrjual 
Hires (suppuae SO degrees) from each other, 
'i>ing at Aries. Now by turning the globe 

"H axis, you will perceive that rII the marks 
M lir<<t iiuailrantnf theedipfic, that is, from 

1 - to Cancer, come sooner to tlie braieen me- 

II than their corresponding marks on the 
. iir .■ — those from the beginning of Camber to 

. r^icorae fatcr .--—those from Capricorn soon- 
■ 1 — and those from Capricorn to Aries later. 

Now lira* as measured by Ui« Btttt-4i\s\'\a v<i^ 
BMoted by the marks on. lUe ecU-ptWi *>>»< 

fe m 
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iweA by a gooil clock, by thorn on 
tor. 

CkarUg. Then wbile the sun is in tlic fi 
and tliinl (|UHftei-8, or what in tlie same i 
while the earth is travelling through the s 
an<l Tourth quartets, that isi from Oancer to I 
bra, and from Cajiricurn to Aries, tboaai 
faster than the clocks, and while it is traveltl 
the iithet' two quarters it is slower. 

Tutor. Just ho: hccauHe while the eartl 
travelling tlirnugli the second and fourth q 
dranUii wjual portions of the elliptic come HH 
to (lie uici'idian than their corresponding |H 
of the equator: and during its Journey tHnX 
the lii'at and third (iiiadranis, the equal puf 
the ecliptic arrive later at the meridian t 
-their corresponding parts uf the equator. 

James. If I understand what ynu taav« b 
saying, the dial and clacks ought to agree 
the equinoxes, thatis, on the 20th of March) i 
the 23d of September, but if I i-efer to theEp 
meris, I find that on the former day (IdOSf 
clock is 8 minutes before the sun : and on 
latter day the cluck in almost 8 minutes beti 
the sun. 

Tutor. If this difference between time ml 
sured by the dial and cluck depended only on 
inclination of the earth's axis to the plane of 
orbit, the clocks and dial ought to lie togi 
at the equinoxes, and atao un th^ ^lata 
^^ the 2l8t o{ I)eceQt\ier, t.\t«X\&t ;' ' 
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t* 'Winter solstices ; because, on ' 
ftp apparciU rcviilutinn of the sun is paP 
• tlje r(|uat<)i'. But I told ynu tliera was 
nT raiiae wliv this il iil'iTt-me subsisted. 
nrles. You did: mid thiit Wiiii the tllijitlc 
■ I llip parlh's orhit. 

. '-. tfthe i>Hi-th'B motion In its orbit were 

II. wliicli it would b« il'theurhit wi^recii-- 

. t!iPu tlie whole iliflVreiice lietweeii ei/ual 

< sl)iiwii by the clocli, and apparent time 

ATI liy (lie sun. would arisr Iram the in- 

HHi ni' tljc earth's luis. But this is not the 

; fiir the earth travels, when it is nearest the 

lliat JH, in tlie winter, more than k degre« 

hours, ami when it is fartheet tram the 

liiat is. in summer, less than a degree in 

.:iw iimc: ('ori!ier|iient].v from this cause 

i'lt-al day would brol'tho f^reatesl Icnglli 

till' earth was nearest the tiun. for it must 

turoUirniitE; the longest time iil'tcr an cntii-c 

iiiti. in order to bring the meridian ol' any 

■■ to the sun again : and the shortest day 

I be when the earth moveH the slowest in 

l>it. Now thea« inriiuahties. combined 

I'i'sc arising from the inclination of the 

t nxla, oinli*'- u|i that djfTorence whu?lt4{ 

!y the equation table, found in the ' 
Ibtwecn good clocks and trun i 
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CONVKRSATION XXXfV. 



of Leap Vrar. 

Jamei. Before we <|uit tlic Aubjoct of ttS 
will you give us some arcount of what is mH 
in aur Almanars Leup-Veui'? 

Tutor. I will. Tlio IcMipth of our year i», 
you know, measured by th« time wliicb the at 
takei^ in performing Iter jojurncy rourtd tbe4 
in the same manner an th^cngth of tJie iSf 
measured by its rotation on its axis. Niw^ 
coiii|)iitc the exact time taken by tlie earth in i 
annual journey, wasa work of considerable dii 
€ulty. Julius Csesar was the first person »ft 
seems to have attained to any accuracy on iM 
subjiTf. 

Charles, Do you mean the first Roman 
ror, wbo landed also in Great-Britain! 

Tutor. I do. He was not less celebrated! 
a man of science, than he was renowned 
general : of him it was said. 

Amidst t]ie huny of tumultuous vax. 

The stars, tlif g'ods, die hcascna were still his cue ( 
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CRsar, wliii was well arquaintedwitli the 
fning of the Egyjiliaiis, fixed the length of 
year to be 365 days nnd six hours, which 
le it six hours longer Ilmii the Kgyptiaii year. 
w, in ordrr to allow for the udd six huurs lit 
hyeur. he introduced an additional dayevery 
rtli year, which arcurdingly consists or 366 
n, and is railed Leap-Year, while the other . 
ee have only 36S days each. From him it 
t (lennminatcd the Julian year. 
fames. It is also cnlled Bissextile in the AI- 
nars : what does that mean } 
Tutor. The Romans inserted the intercalary 
f between the S3d and S4th of February : and 
isf the S3d of February, in their ralendar. 
.tiled sexto calendas JHurtii, the sixth of 
ii-uds of March : the intercalated day was 
1^(1 bis sexto cali-ndas Marlii, the second sixth 
llie calends of March, and hence the year uf 
ercalation had ibc ap|>e)lation of MssextUe, 
lis day was chosen at Rome, on account of the 
pulsion of Tarquin from the throne, which 
pjiened on tin- aad of February. We intro- 
Ce, in Leap-¥car. a new day in tlie same 
mth, namely, the 29th. 
Giarles. Ift there any rule for knowing what 
wis Leap- Year? 

Tutor. It ii known by dividing the date of the 
Ar by 4. if there be no remainder, it ik Lead- 
ar; thus 1799 divided by 4,'kavtaa.ttTO.'*Lvi- 
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del* of S, showing tl);ii it is the Sd 
Leap- Year. These two Jines contftii 

Divide by 4 ; wliat's left shall be 
For Leap- Yea." j for past 1, 2, 3. 

James* The year, however, does i 
of S65 days and 6 hours, but of 36 
hours, 48 minutes, and 49 seconds."^ 
this occasion some error ? 

Tutor, It will ; and by subtracting 
number from the former, you will fii 
error amouhts to 1 1 minutes, and 1 1 se 
ry year, or to a whole day in about ] 
notwithstanding this, the Julian year 
to be in general use till the year 1582, ^ 
Gi-egory XIII. undertook to rectify 
which, at that time, amounted to ten < 
accordi?igly commanded the ten day 
the 4th and 15th of October in that 
suppressed, so that the 5th day of tl 
was called the 15tli. This alteration ' 
through the greater part of £urope, ar 
was afterwards called the Gregoriai 
JWw Style. In this country, the 
reckoning, according to the New Styl 

admitted into our calendars until the ' 

■ 

when the error amounted to nearly 
which were taken from the month of S 
by calling the 3d of that month the 1 

* See CoTweTsaSloTw^XX'^. 
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Charles. By wliitt means will thia acrurarj 
1>L- iiiftintaincd ? 

Tutor, The error amouiitinfi: to otic wbola 
'';iv in abuut 13(1 yeava, it is settled b) an aQ 

l>:ir'liament, tliat the' year 1800 and the yeai 

liO. wiiirli iii'e, according to tbn rule just giv 
><i, Leap-Years. shnll be computi^d as nomtuoi 
jears. having only 365 day^ in each : and tliiil 
every Jour hundredth yesir afterwards sliouUl ba 
•^nmmon yeat^ also. If thin method be adhered 
•o. tbe present mode of reckoning will not v 
i))gle day from true time, in less than 5003 

Ity the Name art of parliament, the lef;»l tic 

ixiing of the year%us changed fi-om the 25ll! 

viarch to the 1st of Jannary. So that till 

'i-eding months of January, February, nm 

' iii-li, up hi the 24(b day, which mtidd. by 

I Style, have i)cen reckoned part uf tlie yea] 

2, were accounted as the first three months 

ilie ^eiir 1753. Hnnce we sometimes st^ 

.1 a date as this. Feb. 10, 1774-5. that is, 

i.rdingto the Old Style it was 1774, but ac 

:'lirig to the Xew it is 1775, because now tin 

P^.iT begins in Jmiiiaiy iosti-ad of Mafcb. 
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CONVERSATION XXXV, 



Of the Moon. 

Tutor. You are now, gentlemeiiy acquaintei 
with the reasons for the division of time into 
days and years. 

diaries. These divisions hare their foundi- 
tion in nature, the former depending upon the 
rotation of the earth on it^-axis ; the laUer opM 
its revolution in an elliptic orbit about thesai 
as a centre of motion. 

James. Is there any natural reason for tks 
division of years into we^ks, or of days into 
hours, nunutes, and seconds ? 

Tutor. These divisions were invented entiit- 
ly for the convenience of mankind, and are ac- 
cordingly different in different countries. There 
is, however, another division of time marked 
out by nature. 

Charles. What is that, sir ? 

Tutor. The length of the month: not indeed 
that month which consists of four weeks, nor 
that by which the year is divided into twelve 
parts. These ai'e both arbitrary. But by a 
month is meant the time which the moon takes 
in performing her journey round the earth : 

Then mark'd astronomers with keener eves 
The moon's rcCiilgeut joutive'^ ^OssKWi^^ikfc ^Si^n^ 
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u:mes. How many days does the moon tak 
tliis (kiirpnse! 

f'ltirr. If you refei- to tlip lime in which tli 

I'cvolves i'roin one jwHiit t»r tlie beavens b 

< MMin; point M^nin. it consintti nf Z7 days. 

']i's, und 43 niinul.cs. tlits im called tliejieriodt 
iijiinth : but if yoti ri-IVr to tlie time passei 

'11 new moon to new moon agnin. (lie. monU 

iLsJsls oT 29 days, 12 hnura, and 44 miuutesj 

<- is called tlie iynoitical m'intli. 

''hnrUs. Fray explain the reason of this 

i--iice. 

Ciilor. It is orraaipned by the earth's annual 

>ii'>n in its oi-hit. Let us i-erer to our natc.^ 
vii example. The two bands are together , 
i>'i'lork ; now when the minute-hand hi 

I li' a complete revolution, ai-e tbey togethei 

..lin? 

''iities. Nn ; for the hour-hand is adva 
Iwelftb part of ila revidutinn, which in i 
i.il the other may oveifakc, it must travel fiyi 
minutPs more than the hour. 

Tutor. And nomething more. Tor the hi 
haiid does not wait at the figure I, till ttie othei 
Oomes up ; and tlicrefoi-e tliey will not he toge. 
.ther till hilween 5 iind 6 minutes afler one. 

Now- apply thin to the earth and mnnn. auji 
pmtp (I'jiilc VII. Fig. It.) s to he the sun;T tit 
eai-th in a part of ttH orhit hl; and e to be t)i 
pDsitioD of the mooa ; M 1V\Q «&v\.\\ V'&&'w»,'« 
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lion* the moon would move round its orbi 
into the position £ again, in 27 daysy 7 
43 minutes ; but while the moon is de» 
her journey, the earth has passed througl 
ly a twelfth part of her orbit, which thi 
must also describe before the two bodiei 
again into the same position that they 
held with "respect to the sun : this tako 
much more time as to make her synodical 
equal to 29 days, 12 hours, and 44 mi 
hence the foundation of the division of tin 
months. 

We will now proceed tQ describe somt 
particulara relating to the moon, as a be 
pending, like the earth, on the sun for be 
and heat. 

Charles^ Does the moon shine with a b 
cd light only ? 

Tutor. This is certain ; for otherwise, 
the sun, she were a luminous body, she 
always shine with a full orb as the sun t 



-Less bright the moon. 



But opposite in level'd west was set. 

His mirror, with lull face borrowing her light 

From him, for other lights she needed none. 

Her diameter is nearly 2200 miles in ler 
James. And I remember she is at tl 
tanre of 240,000 miles from the earth. 

Tutor. The sun a ^V\«lV^ n w.Yvij,. \\.^ 
enlightens one haU ol\.Yv^m^i«yKk^^^wW 
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. 1 1 u'l'toiiod lietniHpiii^rt^, or a part of it, nr noti 

:i)l, in M^en by (i9t according to tier difieceo 

-iti'inm in the orbit witli rcspert to the earth 
ir>r iinly those parte of the eniightrii^d half o 
'.!ic niof»ri are visible at T, which are cut oi 
liv, atirt are within the orbit. 

James. Then when the moon is at £< no pa[ 
of Ha enlightened side is visible to the earth. 

Tutor,- Vou are right: it is then new mooa 
Mr change, for it in usuitl to call it new moon th 
first Aay it is visible to the earth, which is no 
till the second day after the chunge. And ttri 
moon being in a line between the sun and eartt^ 
(lipy are said to be in conjundiait, 

Charles. And at a all the illuminated bemi 
il>hei-e is turned to the rarth. 

Tutor. This ia called fiiU m*1fn; and tli 
rMth being between the son an»i moon, they an 

ftl to be in opposition. The enlightened part 

Hie little 6gures on the outside nf the orbit 
y lnTsent the appearance of the moon as seen bj 
n lipeclatoi' on the earth. 

James. Is the little figure then opposite i 
wholly dark to show that the moon is invisibl 
at change ? 

Tutor. It is ; and when it is at F a smaller 
part of the illuminated hemisphrro is within tin 
tnnon's orhit, and thei-efore to a spectator on th' 
oartli it appears horned -. at a one half of the eo 
li^bloned Hieniisphere is viaVWei'ittA 'A'va «i\^l 
.kt-^" iftuHfraiure; at u tUrfte-fcuisNis ^'i^''*. 
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lightened part is visible to the earth, and itii: 
then said to be gibbous : and at A the enlightnkj 
ed face of the moon is turned to the earth»aiid ' 
is said to he full. The same may be said of tbt] 
rest. ' 

The horns of the moon before conjonctioB tfi 
new moon« are turned to the easU after conjaao^ 
tion they are turned to the west How beailH 
fully is the moon described by Milton*: 



-tm the moon. 



Rising in clouded majesty, at length. 
Apparent Queen unvell'd her peerless light. 
And o'er the night her silver mantle threw. 

Book iv. fine 

Charles, J^see the figure is intended to shot 
that the moon's orbit is elliptical : does she abo 
turn upon her axis ? 

Tutor. She does ; and she requires the sanV' 
time for her diurnal rotation, as she takes in | 
completing her revolution about the earth ; aal ' 
consequently though every part of the moon is 
successively presented to the sun, yet the same 
hemisphere is always turned to the earth. This 
is known by observation with good telescopes. 

James. Then the length of a day and night in 
the moon is equal to more than twenty-nine dajs 
and a half of ours. 

Tutor. It is so : and therefore as the length 
of her year, which is me^auwAX^l Vw VwRfff^ 
round the sun^ is equal to tYisA. ot w!»>i^ftT» 
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>>'- liiit nknut twelvf^ days ami ono-third in a 

. . Aiiollirri-cniarkablerircuiiistance relating 
I moun. h that the lieniis)iliere next the 

'■- is nevrr in darkness, for in the ponition r 
> II is turned from the snni it is illuminated 
.[;lil. refiiTted Trom the earth, in the same 

iiiifr as we are eiiliG;htened b> a full moon. 
liil the otlifir hemiHi»here of the moon has a 
irtnight's light and daikness by turns. 

Charles. Can the earth, then, be considered 
ii satellite to the moon? 

Tutor. It would, pei-haps, he inarcurate to 
^nominate tlip larger body a siitellite to the 
litUer, hut with regard to affording reflertod 
^lit, tlte earth ii^ to the moon, what the moon is 
I the earth, and subject to the same changes of 
irnci), gibbous, full, &c. 
Charka. But it must appear much larger than 
t moon, 

tutor. The earth will a|)peai- to the inhabl- 
lits of the moon, about If, times as large as * 
e moon appears to us. When it is new mnon 
ua, it is Jull earth to them, and the reverse. 
James. Is the moon then inhabited as well as 
e earth? 

TkIot. Though we cannot demonstrate this 
jt, yet there are many reasons to induce us to 
lieve it ; for tlie moon is a secondary planet 
considerable size ; — its surface is diversified 
.e tbat of the earth, with mounUm* «ft^ "s^iii- 
M^r-tbe former Jbavo been. nio&sw'c^Xt'^ "V^i 
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Herscliely and some of them found 
mile in height. The situation of ti: 
respect to the sun^ is much like thai 
and by a rotation on her axis, and 
nation of that axis to the plane of 1 
enjoys, though not a considerable, 
able variety of day and night and o1 
the moon, our globe appears a caf 
undergoing the same changes of ill 
I the moon does to the earth. The i 

rise and set there as they do hen 
bodies will fall on the moon as th< 
earth. Hence we are led to concli 
tlie earthy the moon also is inhabit 
schel discovered some years ago th 
all burning in the moon ; but no ] 
tracts of w^ater have been observed 
the existence of a lunar atmospl 
Therefore her inhabitants must ma 
from those who live upon the eart 
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CONVERSATION XXSVI. 



Of Eclipses. 

Charles. Will ymi, sir, explain to us tlie na 
ture and rauscs of rclipscH ? 

Tntiir. 1 will, with great pleasure. YouiDna 
observe, tliou, that cclipi^es ilepcnd u|)on thii 
Bim|)1c pi-iiiri|il[-, that all opaque ur dark hodia 
when exposed In any light, and therefore to ttu 
h^ltt of the sun, cast a shadow behind them ii 
ail opposite dirprtion. 

Jnmes. Tlio rnrth heing a body of tliis kirn 
"ii^t cast a very lar^e shadow on its side whicl 
'lipoaite to (lie sun. 

I'litor, It does : and an eclipse of the mooi 

.ili|>Lin3 when the earth t (Plato vii. Fig. 12. 

piissi's between the sun a and the moon m. and t 

'A occasioned by the earth's shadow being cas 

04 the moon. 

^^^rtes. When does this happen ? 
HgUor. It is only when tlie loonn is full or ii 
^■httion, that it cornea within the shadow 01 

James. Edipscs of the mnnn, liowevrr, di 
"ot bap;)en every time it is t«\V-. "«\\«.\s.'Oi 
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TtUor. Because the orbit of the moon don 
not coincide with the plane of the earth's oHH 
but one half of it is elevated about five degrM 
and a third above it» and the other half is i 
much below it : and therefore, unless the M 
moon happen in or near one of the nodes, tliat Ji| 
in or near the points in which the two orbits U 
tersect each other, she will pass above or bdMi 
tlie shadow of the earth, in which case there C4 
be no eclipse. 

Charles. What is the grieatest distance froU 
the node, at which an eclipse of the mooii cfl 
happen? « : 

Tutor. There can be no eclipse, if the mooii 
at the time when she is full, be more than i) 
degrees from the node ; when she is within tU 
distance, there will be a partial or total eclipMi 
according as a part, or the whole disk or faoeil 
the moon falls within the earth's shadow. If th 
eclipse happen exactly when the moon is full ■ 
the node, it is called a central eclipse. 

James. I suppose the duration of the eclipfli 
lasts all the time that the moon is passing througl 
the sliadow. 

Tutor. It does : and you observe that th 
shadow is considerably wider than the moon* 
diameter, and therefore an eclipse of the moo 
lasts sometimes three or four hours. The shadow 
also you perceive is of a conical shape, and cot 
eequentlyp as the moou'^ ov\3k\l \^ qlu elliysp av 
/iot a circle, the moon m\i> «A. ^\^^iNJ«X.>aass«»^^ 
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itit^eil when slio is at diffiTeiit dislanceg Troi 

cartli. 
'Iiitrles. Ami arrnrdingnaliie moon is nearer 
. <!)' rartiiei- from the eartlii llir ccUiinc will bi 

I greater ur less ilurution, for the shadow 
i:< coniral bcromes less iiiid less, ah tin 

aiice from the liody by which it is cast ii 
■ I -.iter. 

I'utor. It is by knowing csactly at what dia* 
> !• thf moon is from the carlli, and of coi 
^ width of the earth's shadow at thiit distance^ 
<L aH url)|)9esarecalciilaied with the greatest 

iir;iry. for lUiiny years before they hH|ipen. 
' ^ , it is fnutul tliat in all ccliimes, (he shadow 
'^1^ uaHh is conical, which is a demonstra* 
II. tiiat the, body by which it is |irojected is uC 

I'lierical foiiiit for no other soi-t of figuro 
'ilil. in alL positions, cast a cmiical shiti' 
IK is iiieniioned as another iiruuf, that lh( 
! Lh is a sphui-ical body. 
■f<:nies. Itscciiis to me to prove another thing) 

. Miitt llic sun must he a larger body tlinn tiiC 

■u. 

i'lilnr. Yonr conclusion is jnst, for if the twj 

lies were erjiial to one another (Plate 

i'ig. IS.) the Hhadnw would be cylindrical; 

ami if the eiu-th were the larger body, (Plato vii; 

!>%• 14.) its sIirUow would be of the tigiire «f « 

~~ which had tost ils veWe.s, and the farthei 

_fr extended tlic larger w;n«W\^ W<i»!iTO 

Jffiue the sbatliiw wuu\i vuft q'A ^« a»"«l 
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nite space, and accordingly roust sometiBMBJ 
voive in it the other planets, and eclipse the 
^hich is contrary to fact. Thereforcy since t 
earth is neither larger than, nor equal to the sn 
it must be the lesser body. We will now proce 
to the eclipses of the sun. 

Charles. How are these occasioned ? 

Tutor. An eclipse of the sun happens wb 
the moon M9 passing between the sun a andf 
earth t (Plate vii. Fig^ 15.) intercepts theM 
light. 

James. The sun then can be eclipsed onl^^ 
the new moon. 

Tutor. Certainly ; for it is only when tl 
moon is in conjunction that it can pass dirad 
between the sun and earth. 

Charles. Is it only when the moon at her C0 
Junctien, is near one of its nodes, that thenci 
be an eclipse of the sun ? 

Tutor. An eclipse of the sun depends upontl 
circumstance : tor unless the moon is in, or M 
one of its nodes, she cannot appear in the sti 
plane with the sun, or seem to pass over hisdii 
In every other part of the orbit she will appe 
above or below the sun. If the moon be in 
of the nodes, she will, in most cases, cover t 
whole disk of the sun, and produce a toUd eclip 
if she bo any where within about 16 degrees 
a node, a partial eclipse will be produced. 

The sun's diameU^r \& Huv^^ofied to bo divid 
itkto 12 equal pavla^ c^W d\^\.««^^<k\^«^' 
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I. ml vrlijisp, as many of these parts oi On 
'^ (liaRietrr rs the moiin covers, so many dt 
i- are said to be cclipacil. 
-hiincs. I haveheard ol'annntoreclipscsjWha 
'■ Nicy, mri 
I'ltlor. When a ring of light appears roiiW 

(■■Ige «f the moon during an eclipse of th( 
1. it issaid tube annular, from tlie Latin word 
"'hIiis, a ring: these, kind of eclipses arenccAi 
<-■<] hy the moon being at her greatest (iisi 

i; from the earth at the time of an eclipsei 
< -ime. in that situation the vertex or tip of thfl 
<K' of the moon's sliaduw does nut reach the 
ilVice of the caith. 
' 'liiirlfi. How lung can an edipae of the sun 

I'uloT. A total eclipse of the snn is a very 
' ut'iims and unciimmon sprctanle : and total 
dMi-knPHS cannot last more than three or foiii 
minutes. Of one that was observed in Portu- 
Sa\, 150 years ago, it is said that the darkness 
wasgreaterthanthatofthe night: — that stars n 
the first magnitude made their appearance ; — ■ 
and that the birds were ao teirified that they fell' 
to Ihe ground. 
James. Was this visible only at Portugal ! 
Tutor. It must Itave been seen at otlier placeSf 
tij'>ugh we have no acroutit nf it. The mooit* 
however, being a body much smaller tlian the 
eaKh. and having also a cow\ca\ sWivv*, ^-m 
vith that aliRdmv only co\cr a awviW ■^«s\^ "5 
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earth ; whereas an eclipse of the moon may 
seen by all those that are on that hemispJi 
whi: h is turned towards it. (See Plate i 
F'lp;. 15 and 12.) 

You will also observe^ that an eclipse of I 
sun may be total to the inhabitants near I 
middle of the earth's disk, and anmdar to tin 
in places near the edges of the disk, for in \ 
former case the moon's shadow will reach t 
earthy and in the latter, on account of the earfl 
sphericity, it will not. 

Charles. Have not eclipses been esteemed i 
omens presaging some direful calamity ? 

Tutor. Till the causes of these appearaBO 
were discovered, they were genei*ally bebH 
with terror by the inhabitants of the worlj 
which fart is beautifully alluded to by Milton! 
the first book of Paradise Lost, line 594: 



•As when the sun, new risen. 



Looks through the horizontal misty air 
Shorn of his beams, or from behind tlie moon. 
In dim cchpse, disastrous twihght sheds 
On lialf the nations, and with km of change 
Tcrplexcs monarchs. 



- TUE TlUCi. 



CONVERSATION SXXVII. 



^V or the Tidei. 

^gr. We will proceed to the cunsiilq 

Jw tides, ov Ibc flowing ami ebbing i 

nifs. Is tilis subject connected witli asti'o- 

'utur. It is, inasmtirli as tlie tides are occa- 
11^(1 by the attraction n( the sun niid moon 
II llie waters, but more partirularly by Iliat 
lie latter. You will readily perceive that tlio 

I are dependent upon some known and de- 

II mate laws. berausA, if you turn to tbeKplie- 
IS, iir indeed to almost any almanac, you will 
lliiit tlie exact time of high water at London- 
;:<(> for every day in the year is set down. 
harles. I have fiequently wondered how tliis^ 
I liu known with siicii adegreeofarruracy: 

1 there is not a watrrman tlutt plies at the 
, but can readily tell wlien it will be high 

'iiU)r. The generality of the watermon arc 
inlily as ignorant ns yourself of the caustt 
fchicli the waters flow and ebb, hot by cx]hv 

iiey know that the time of high water 
n ea'b day about t\ircc »\\\a.v\.«t% a'^ xw 
a litUe more or less, auA V\wt'A«m«.NS.'< 
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be high wafer to-^ay at six o'clock, they wi 
at a guessy tell you, that to-morrow the tide ^ 
not be up till a quarter before seven. 

James. Will you explain the causes ? 

Tutor. I will endeavour to do this in an ei 
and concise manner, without, fatiguing 70 
memory with a great variety of particulars: 

The ebbs of tides, and their mysterious floWj 
Wcy as art's elements, shall understand. 

Dbtbbv. 

You must bear in your mind then, that t 
tides are occasioned by the attraction of thef 
and moon upon the waters of the earth : perin 
a figure may be of some assistance to yon. I 
A p IaU (Plate Yii. Fig. 16.) be supposed t 
earth, c its centre ; let the dotted circle repi 
sent a mass of water covering the earth : hit 
be the moon in its orbit, and s the sun. 

Since the force of gravity or attraction din 
nishes as the squares of the distances increase 
the waters on the side a are more attracted 
the moon m, than the central parts at c ; andt 
central parts ai*e more attracted tlian the wati 
at I.; consequently the waters at i. will rece 
from the centre; therefore while the moon is 
the situation m, the waters will rise towards 
and b on the opposite sides of the earth. 

Charles. You mean that the waters will ri 
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COO 



by the immediate attraction of tlie moon h, 
ill rise atb, by the centre v, receding and 
:,i; them mofe elevated there. 
utui; Tliat is the explanation. It is evi- 
tliut the quantity or water being tiie same* 
:e cannot take place at a and b, without tlie 
s at F and n being at the Hame time de- 
ard. 

lilies. In tliis situation the wattir may be 
idered as partaking of an oval form. 
iilor. If the earth and moon were without 
UR, and tlie earth covered all over with wa- 
tlie attraction of tlie moon would raise it up 
heap in that part of the ocean to which the 
ti is vertical, and there it would always con- 
t i but by the rotation of the earth on Ha 
, each part uf its surface to which the moon 
kal is presented twice a day to the action 
in, and thUH are produced two floods 
i ebbs : 

Ic tides in utcred order run. 



. How twice a day? 
, In the position of the earth and moon 
n our figure, the waters are raised at a 
he direct attraction of the moan, and a tide 
icconlingly produced: but when, by the 
li'«4 rotation, a comes, IS hours afterwarda^ 
tlie position i, another Vvift "w Qt'y»Svw«&. 



hy Ihe receding of llie waters (liens from' 
r-citlre. 

Jamen. You havi; told oa lliat the tides j 
(iruOuccd in those parts ur tbe eiu'tli to v) 
llie moon is vertical, but tiiia cfTect is not c 
finiMl to thuHC jmrta. 

TiUur. It i» not, but tliorc tli« Kttmctloi 
ttie moon Una the greatest elTcct ; in all ot 
parts ficr force ia weaker, because it Acts ll 
more nhlicjuo direction. 

Charles. Are there two tidca in erery^ I 
huora ? ■ 

Tutor. If Ihe moon were stJiUonarj || 
wuuld hcthocaae; but because that bud; isfl 
priiceeding every day about 13 degrees f 
west to cast in Iter oi-bitf the earttl mnitt to 
more than one revolution on its axis befoi* 
same meridian is in conjunction with the n 
and hence two tides take place in about' 
liours and 50 minutes. 

Jamei. But 1 rcmcoiber when we were (tf 

ncH, that the tidrH rose higher at some i 

than »t others; how do you account for tikbt 

Tutor. The moon goes round the earth bii 

^lUptic orblti and tliercfore she approul 

^■iwrer to the earth in some parts at her «A 

Hmn in others. When she is nearest* 

traction is the strongest, and consetiuealtar 

raises the tides most : and when she is farui 

fi-otn the earth, lier aUcftcX\4W \% N^» Va^*^ 
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'•imcs. On tlipy rise to ilifTurent heights il 
it lent places f 

Tutor. Thry ilo: in the Black-Sea and thi 

*. (liteiT^nL'an thi^ lilies are scarcely percept* 

At the mouth of the Indus the water rise 

|< falls full SO feet. The tiilrs are reraarka 

!. Ijigh on the coast of Malay, in the Straits o 

" ula, in the Red-Sea, alonp the coa.st of ChU 

'- Japan, &c. In general the tides rise highea 

111 Htrongest in those places thut arc narrowest 

I'lmrles. You said the sun's attraction occft 

lud tides as well as that of the moon. 

i'litar. It does : hut owing to the iminenav 

' iancc nf the sun from the earthi it producei 

I' a small effect in comparison of the moon'i 

' ir;irtion. Sir Isaac Newton computed, that 

Il I'orcc of the moon raised the waters in tbi 

^<vat ocean 10 feet; whereas that of the sua 

nised it only S feet. When hoth the attractioM 

«f the son and moon act in tho same directiooj 

that is, at new and full moon, the combined 

forces nf hoth raise the tide IQ feet. But wh^ 

lilt: moon is in her quarters, the attraction Hi 

<'ric of these bodies raises the water, while thai 

of the other depresses tt; and therefore t~ 

Nmaller force of the sun must be subtracted froqi 

tiiat of the nioon, consectuently the tides will b( 

Do more than 8 feet. The highest tides an 

callrd spring-tides, and the lowest are denomt< 

oated noap-tides. 

James. 1 uuderstanil that intb^i^trok^ix ^« 
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the height to which tlie tides ai'e raised mi 
calculated by adding together the attractic 
the sun and mooh ; and in the latter, it mi 
estimated hy the difference of these attrac 

Tutor. You are right. When the sur 
moon are both vertical to the equator o 
earthy and the moon at her least distance 
the earthy then the tides are highest. 

Charles* Do the highest tides happen a 
Equinoxes ? 

Tutor, Strictly speaking, these tides d 
happen till some little time after, because in 
as in other cases, the actions do not produc 
greatest effect when they are at the struT 
but some time afterwards : thus the hottest 
of the day is not when the sun is on the m* 
an, but between two and four o'clock in tl 
ternoon. — Another circumstance must be i 
into consideration : the sun being nearer 1 
earth in winter than in summer, it is of c 
nearer to it in February and October, thi 
March and September; and therefore all 
things being put together, it will be foum 
the greatest tides happen a little before tb 
nal, and some time after the autumnal '. 
noxes. 



' THE HianSST MOON, 



CONVERSATION XXXVIII. 



From what we said yeaterdny, yoa 

By uii<l*^rstaiiil llip i-easnn wh,v llie moon 

put three quarters of an hour later every 

i on the one iii-ereding. 

ts. It is Dwiiig to the daily prngress 

lie monn is making in her orhit. on 

RCount any meriilian on the earth must 

Bre than nne romptetc rotation on its 

c it comes again into the aanie situa- 

hrmiiert to the moon that it hiii! before, 

I tuitt ui thnt this occasioned a dilfer>* 

kliput 50 minutes. 

. At the eiiiiatur this is generally thft 

e of time between the ri'iins of the monn 

lay Biid tlm itrrrciltns. But in places of 

hlblt) latitinte, as that in uhirh we live, 

I'Mnarkahle difTt'rence about the time 

;, when lit tlie season of full moon bI* 

^ several nights t"p;rthee only aiiont 90 

plater on the one dtiv th»n on that immc- 

_^i"c«dins. By thus surceeding the nun 

eforc the twili,^lit is eiiiled, the moon intdongs 

..^llt. tp llie .^reat bciioiU, nS \Ww -wV^i ■ixv 
..,_,^\d in gallm'wg in lUu trurts at >Xw- ^'w^ 
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and hence the full moon at this season is ca 
the harvest moon. It Js helievcd that this 
observed by persons engaged in agriculture 
a much earlier period than it was noticed 
astronomers ; the former ascribed it to 
goodness of the Deity, not doubting but \ 
he had so ordered it on purpose for their 
vantage. 

jMmes. But the people at the equator do 
enjoy this benefit. 

Tutor. Nor is it necessary that they aboi 
for in those parts of the eartb, the seasons vi 
but little» and the weather changes but seidc 
and at stated times : to them» thent moon-Hj 
is not wanting for gathering the froita of 
earth. 

Charles. Can you explain how it happens* t 
' the moon at this season of the year rises t 
day after another with so small a differenoc 
time? 

Tutor. With the assistance of a globe I co 
at once clear the matter up. But I will end 
vour to give you a general idea of the sobj 
without that instrument. That the moon lo 
more time in her risings when she is in onep 
of her orbit, and less in another, is occasioi 
by the moon's orbit lying sometimes more < 
lique to the horizon than at others. 

James. But the moon's path is not marl 
on the globe. 

Tutor. It 18 nol; -jo^ ts\^1^ \vwq«s^x^ w 
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tit, without inurli ermr, aa coincitling with 

c ecliptic. And in tlic latitude of Lundoiit as 

' wS tlie ccliiitif riiius abuut Pisces arid .Sriet 

nhcmrs »s the moon goes through in six 

Jhcrefore while the moon is in tliesesigna 

fera but two hours in rising fur six days 

r; that is, one Any with anothcri about 

PitGS later every day than on tlie pre- 



a time well known to buabsndincn, 
the iDOon liir nuiny nig'lils, in aid 
. uituTiinal labours, chuera Uie dusk 
KfuU lustre, suon as Pho:tiu£ hides 
h the horizon liis propitious caj: 
Utbe angle of (lie line vhich baunda 
in's csreer ftom the Equator, flows 
>r less, the orb of' Cyiitliia shittus 
I OF more of diiferciicc in rbc; 

eMtthlH angle: thenu: the moon 
^WiUl BBtalleBt variance of timcB, 
bA'iiMus sig'n she dwells: and most protracts 
Mourning in our enlighteii'd sluca. 

. Is the moon in th^sa signs at tbo 
E harvest i 

m. In August and September yuu know 
K,£un apjiearx in Virgo and Libra, iun\ of 
prhcu ttie iDoon is JiiU, she must be in 
BsttH aigns. viz. Pisces and Jirici, 

Arc thei-c then two lull moons Uiat 
11* this advaulagu? 
//;. There arc, the one ^■luen^Xvt'.'Mi. «*"'>' 
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Virgo, which is called the harvest moon ; 
other when the sun is in Libra, and whichyh 
leHs advanta^ous, is called the hunter^s m 
Tou ought^o be told that when the moon i 
Virgo andliibra, then she rises with tiiegr 
est difference of time, viz. an hour and aqi 
ter later every day than the former. 

CliarUs. >Vili you explain, sir, how it is 
the people at the equator have no hanestmc 

Tutor. At the equator, the north and m 
poles lie in the liorizon,andthei*efoi*e there 
tic makes the same angle southward with 
horizon when Aries rises, as it does northm 
when Libra rises: but as the harvest moon 
pends upon the different angles, at which dil 
ent parts of the ecliptic rise, it is evident tl 
can be no harvest moon at the equator. 

The farther any place is from the equatff 
it be not beyond the polar circles, the « 
which the ecliptic makes with the horizon, tr 
Pisces and Aries rise, gradually diminishes) 
therefore when the moon is in these signs 
rises with a nearly proportionable diffen 
later every day than on the former, and thi 
more remarkable about the time of full moo 

James* Why have you excepted the 8pac« 
the globe beyond the polar circles? 

Tutor. At the polar circles, when the 

touches the summer tropic, he continues 24 h 

ubove the horizmx; ;slx\^ 9A Vvi^vvt^ lielow it ¥ 

be touches tho nniuI^t tco\\K,. "^Oit ^^ ' 
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usuti the t'lill moon neillieri-iseain thesummozs 

■II shtj 18 not wanted; noi- sets iii'tlie wiiite 

< II Iter prcscncv is an nercsaary. These ar 

Kiily two full mooiia which happen ahout tli 

'I ii's ; fill- all thu others rise and set. In sum 

r I lie lull inoousaieldw, and tlieii-stayahovi 

iiuriziin xhni-t: In uiiitei- they are highi ani 

. iutig ahove tlie liomon. A wunilerl'ul di» 

,' tiiis uf the divine wisdom and goodness, ij 

riinning the quantity of light suitable t 

■ ■^^■ — ^i■. necessities of the inhabitants of tin 

ling to thcii' (iilfisrent situations. 

\L thc-polef), the matter is, Isuppoat^ 

':/(()■. 'i'lici-c one half nf the ecliptic i 
.. and liie other Imlf never i-ises ; consequent!; 

'iiii continiiea one half year above the hoi'ij 
1. itud tlie utltei- Imlf below it. The full n 
' l; iiluiiy.s opiKD^ile tci the sun can never b\ 

I tit the inliiibilants of the poles, while till 
: .-. above tlie linilziin. But all the timetha 

-I1I1 is below the horiznTi, tlie full nloot^ 

LI- set. CiiiiMeii'ienLiy to them the full moofl 
liner visible in the suaiinei'; and in tlieig 
iii'i' tlipy htive her always before and aftev 

lull, sliiniug for fnuitcon of our days a 
Ms without intermission. And when the sui 
' ik-jirt!S!ied the lowest under the horizon, t!ie| 
n^iscendu with her highest altitude. 
M. This indeed eshibU'^ u\ 4 W^Vi. tJutBi^ 

yo/„ J.— T 
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the attention of Providence to all his 
But if 1 understand you, the inhabits 
poles have in their winter a fortnights 
darkness by turns. 

Tutor. This would be the case for 
six months that the sun is below the I 
there were no refraction* ; and no sul 
the ii^ht of the moon. But by the atn 
refracting tlie sun's rays, he become 
fortnight sooner, and continues a 
longer in sight than he would othe 
were there no such property belongi 
atmosphere. And in those parts of t 
when it would be absolutely dark in tl 
of the moon, the brilliancy of the J. 
realis is probably so great, as to aff( 
comfortable degree of light. Mr. I: 
his travels near the polar circle, has tli 
in his journal: " December 24. The < 
so short, that the sun only took a ci 
few points of the compass above the 
and did not at its greatest altitude risi 
up the trees. The brilliancy of th 
Borealis, however, and of the stars, < 
out the assistance of the moon, mad 
for this deficiency, for it was freq 
light all nighty that I could see to res 
print." 

• The subject of refireicXioxv "wiXl be very pax 
phoned when we coid& to Ov^^c;^* 
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I lifse advantages are poelirally ilcacrihcil by 
riioiiiHuti ; 

I.',- (iiincin^ meteors lllen, tlinl ceaaclciia aliake 
A ■.■..iilii;; l.la/e refrMted o'tp t!i» lienvona, ' 

.Vk.i . > ^i Jiiiicma, aiidslara Uiat kcentr pU}' 
\\ -.I'., Ik:. >k' lustre from tlie gtossv waste: 
r.-u ..i iy>. .k-pUlof Polaf NJBhl,tl«.yfinil 
\ V. III! I'i.iii5 ilay : cnouKh to iiKlit Ihe chase, 
' II- tuiJc tliL'ii' tiaring atepa to Fiiilfliid-faJri. 

WlSTtU, 1. ( 



CONTERSATION XXSIX, 



of Mercuiy. 

I'ultir, Having fully tlcsrrilieil t>ie earth and 
iiiiinn. llie rtii'iner a iirimHry pliiiidt, nixl the 
r its Btteiidant .satellik-. or biTon<lary plancV 
-,liall neU lonshlpi- the iitlier platiQts in. 
: <mler, witli wliicli, Iiuatvci-, we aire less 
..steil. 

i KKCCKY, ynii iTcoIlfrt, is tiic planet n^ar- 
'Ui- Btiti ; ami Venus is tlif scroinl in order. 
r' api' liilli'd itiferifir plancfs. 
"irlen. Why are tliey tims deminiinatej ? 
■'"/.ir. Bfcaiis" lliry Imtli revolve in orbita 
. Ii are im ludi-d wUk'm tliat ul' the i-artli| 
■ (I'latL- V. Fiff. 3.) Mercurj mvLbv* Uv 
'!.•! Joui-ncj! round tlie sun luttve wVvs. u-^N 
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nus in 69 and the earth, fai*ther from that luB 
nary than either of thcin, makes its circuit in 

James* How is this known ? 

Tntor. By observation; for by attentive 
watching the progress of these bodies, it is fou 
that they are continually changing their plac 
among the fixed stars, and tiiat tliey are nev 
seen in opposition to the sun ; that is, they 1 
never seen in the western side of the heavens 
the morning when he appears in i\\t east; n 
in the eastern part of the iieavens in the evenii 
when the sun appears in the west. 

CMrles. Then they may be considered as 1 
tendants upon tlie sun? 

Tutor, They may : Mercury is never se 
from the earth at a greater distance from 1 
sun, than about twenty-eight degrees, or abc 
as far as the moon appears to be from the 1 
on the second day after its change ; hence it 
that we so seldom see him ; and when we do, 
is for so short a time, and always in twilig 
that sufficient observations have not been ml 
to ascertain whether he has a diurnal motion 
his axis. 

James. Would you then conclude tliat lie I 
such a motion ? 

Tutor. I think we ought ; because it is kno 

to exist in all those planets upon which obser 

tions of sufficient extent have been made, i 

ttei'e/'ore we ma^y «wvcV>j \\\Cev, without m 

c/iancc of error, tVial \l\ie\oxv^% ^%vk \»^^^t^ 




I llie Hprscliel, flic former from its vlrinit] 
liif sun, and tlie hitter fi-i)i» its ^ re nt ili stand 
I I (liat Ixidy, having at present diiiivtl llie in. 
ii.^jition i>i llic most inTlvfaligalile aatrono 

I 'ifirtes. At what illslance U Mercury frrtri 

■ -.1111? 

I'alar. He revolves roiinil timt hod)' at aboK 
ri v-sevfn millionjuof niihs flislanri', in eighi 

■ ii;ht iliiys neai'lv ; ami tlitrcriii-R yt\» c&i 
■■■■ tell me lii>w many luilcfl lio lravi;ls in H|i 

'limes. I can ; fnr supposing lii» orbit rimi- 

I 1 ituisl iiuilti|ily U,v 37 mtllions hy 6,« wliict 

1 rnillitinK (tf mill's fur the length m 

s I shall ilivitli! h} RS, tlK> numbcl 

['..I'H in pcrlormiiig liis Joiictipv, nut 

■:■ risiilling from tlli-j, riiimt he ilividet 

-i. itirihi' nnmbvr of hours in a ila,v ^ aiic 
iiipsi^ "perutjons, I fin<l llmr Mercury travch 
ibf rate of moio lliaii lO^.UOO miles in at 

''hartex. How larfjp is Mciriiry? 
i'litor. He is the NmalleKt of all tlic planrta 
' <U»mctcr is suinclliing mure than S500 tuiln 

;.„sti,. 

''lilies. His situation biding so mucli nparei 
; Ik- sun than ours, lie tnuttt enjoy a conaideJ'ii> 
> "reater share of its heat and light. 
Putor, So mucii an, as wowVi Swiati. 'v^A-iiS 



> 
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bly burn every thing belonging to the ei 
atoms, were she similarly situated. Tb 
of the sun itt Mercury, must be seven 
greater than our summer heat : 



-Mercury the first 



Near ordering' on the day, with speedy wheel 
FUes swiftest on, inflaming where he comes. 
With seven-fold splendour, all the azure road. 

Mallet's Excus 

Charles. And do you imagine that, thi 
cum^^tanced, this planet can be inhabited! 

Tutor, Not by sifth beings as we are 
and 1 could not long exist at the bottom i 
sea; yet the sea is the habitation of milli 
living creatures ; why then may there r 
inhabitants in Mercury, fitted for the enjo; 
of t!ic situation which that planet is calci 
to affoi'd? If there be not, we must be at 
to kiiow why such a body was formed ; ce 
ly it could not be intended for our benefit, 
is rarHy even seen by us : 

Ask for what end the heavenly bodies shine ? 
Eartli for whose use ? Pride answers, " 'Tis for n 

suns to light mc rise. 
My footstool earth, my canopy the skies." 

Pop 

But do these worlds display their beams, or ^uid 
Their orbs, to sen'e ihy use, to please thy pnde ? 
Thyself but dust, thy statiu-e but a span, 
A moment thy duratiofi ; foolish man ! 
As well may the uuuutest eramet say, 
TJiat Caucasus was TyLvsev\. \.o \i^Ne\v\9» ^kwj •. 
The snail, that Lebaxvon's e^-vexA^^^jow^ 



A oiily for hit walk aiid food •■ 

g filest tocldc. ^nin(; on tlie cuiist 
1^ roultils Ihc ainpli? srns, an well may boast, 
■gy rock projects ubovc tlie sky, 
n safetj at itii ibot muy lie : 
d tbe vholc ocean's confluent waters swell, 
o cjucDcb Iiis thiist, ov inovc and biaiish hts 
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Ipr. Wi" nnw prncccO t'l Verms, (lie stTiin 
tin tlic order nf llic .solar RfBtem, lint li, 
^ iljoat licaiilirul orilictn all : 

at of stnra, last in tlit irun ofnij^it. 
9 tlMMi litlong not tu (he dxwa, 
' Ik of Jai, that ciiratiM tlif. !imil1nemiirn 

Oripht circlet, prdise him in tliy sphere, 
&y ax'ises, tlul sweet Jiour of prime. 

M.tTn>. 

, Hnw far is Vpriua liom the stm i 
, TImt ]ilanct is siTity-ciglit Diilliun!^ < 
rm tlie sun, and she Oiiishrs her juarno, 

I days, conse(]uently siio must, travel u 

o dfrs.OOO miles ill an hour. 
frUa. VenuH is larger (liuii ^»i-cur)', ' 

Tea. she is nearis fta W^ w& 'i 
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her diameter being about 7700 miles in lengl 
and she has a rotation about her axis in 23 hou 
and 20 minutes. The quantity of light andhe 
Avhich she enjoys from the sun, must be dout 
that which is experienced by the inhabitantB < 
this globe. 

James* Is there also a diJQTerence in her iMf 
sons, as there is here ? 

Tutor. Yes, in a much more considei 
degree. The axis of Venus inclines about | 
degrees, but that of the earth inclines only 
degrees, and as the variety of the seasoned 
every planet depends on the degree of the H 
nation of its axis, it is evident that the seafl^ 






must vary moi*e with Venus than with us. 

Charles. Venus appears to us larger sometifli 
than at others. S 

Tutor. She does ; and this, with other paHiM 
lars, I will explain by means of a figui*e. BiM 
pose s (Plate vii. Fig 17.) to be the sun, TW 
earth in her orbit, and a, 5, c, d, e,/, Venufli 
her's : now it is evident that when Venus isitl 
between the sun and earth, she would, if viaiiiK 
appear much larger than wlien she is at d i 
opposition. 

James. That is because she is so much nein 
in the former case than in the latter, being! 
the situation a, but 27 millions of miles from tl 
earth t, but at d, she is 163 millions of miles oi 

Tutor. Now a8YeA\vva\ik«kS^^^^\wft.a,lVvtQui 
^/ c, to d, she may Vie obs^xN^^X^^ \&K»:fi&^ 




01' vem;s. 



'i3! 



'>i! tdescnpe, to liavc all tlie same plitiKPti n 

iLKion Ikis in passiiii; Ti-oin intw to lull : tlit-fs 
■'•■ when n\iv is &t d slic in full, nnd \h 

iiri.!; liie fixed wtiirs in Ihc lipj^iniiiiig nf Cun 
I : (luring her jounicy fi'om ij lo e, hIic [ii-o 

lis witli ii illrecl motion in Iicr orbit, «tif| at 
' la seen in Lcu. anil will n))|)oai'tti liii inliabi 
ii of Hio parlli, liipnfpw days In lie sfnfioiiar)) 
'■ ^t;clnin^ tii clian.^t^ Iilt |il»ce nmoni; lln' fisw 
■ n, for hIr' iB comini; tiiwHrds tlic cal■t^l^n i 
. rtlini-: l)ut in passing from e to _/i llidngl 
'I with^ direct motion, yrt to a sppftalnr at i 
[ r iiiipsp will seem tii be back again, or retroi 
'•■•If, for slie will seem to have gone bnrk Iron 
'I '/,* hcv path will appear i-etrogradc till aIii 
'^ inc, when she will agnina|i]icar8{<jri>j)Mfi)-y 

I afterwards from f to (/, and from d to t i 
''\ lie direct among the fixod stars. 
i linrlrs. When is Venus an evening, and whea 
■iMiriiirgstar? 
I'lilor. She is an evening star all the wliilo nhi 
;>'':ira e^st of the sun, and a morning 
jili; she is seen west of him: 

Ntxt Voiius to the tacsltiiimi o( liic soil 
i-iiM i.iI>M licr r»cc, a ^Men pla5ii (if lijjlit 
'.'in 1(1 hi r brgcr rounn. Fair mnming stiu' 
'i'liiii k .Ills on da«iiiiig clay to yoTidti' wraW 



'i lien flhc is at a she ViWV \ic '\w\\'s'i»^t, \ 
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in the node, in which case she will pass overth 
sun's face like a little black spot. 

James. Is that called the transit of Venus? 

Tutor. It is ; and it ha])pens twice only ii 
about one hundred and twent)^ years. By thii 
phenomenon astronomers have been enabled I 
ascertain with great accuracy the distance of tb 
earth from the sun ; and having obtained this 
the distances of the other planets are easi|] 
found. By the two transits which happened ii 
1761 9 and 1769* it was clearly demonstrated 
that the mean distance of the earth from the Ml 
was between ninety-five and ninety-six bH 
lion» of miles. 

Charles. How do you find the distances of th 
other planets from the sun, by knowing thati 
the earth* ? 

Tutor. I will endeavour to make this plain ll 
you. Kepler, a great astronomer, discoverei 
that all the planets are subject to one grnen 
law, which is, that the squares of their periodiei 
times are proportional to the cubes of thdr dii 
tancesfrom the sun. 

James. What do you mean by the periodica 
times ? 

Tutor. I mean the times which the planet 

* The remainder of this conversation may be omitted bl 

those young persons who are not ready in arithmetical o[i« 

rations. The author, however, knows from experience, tli 

children may, at a very c.as\y ai^^ \it\«w\^t. to uxiders(i> 

these iiigher parts oi m\):viXiu\i&* 




' in revolving round the sun ; thus the per! 
i: :il tiuie of the earth in SG5i days ; Ihat o 
- < mis 224i (lays ; that of Mercury 88 days. 

rliarUs. How then would you find the dislanc( 
Ql MiTcury Crom the sun f 

Tutor. By the rule of three : I wnuld aay a 

"ic square of 365 days (the lime which the eartf 

■'■ f-i in revolving ahout the sun) is to the squai 

^ days, (the time in which Mercury revntvei 

Hit the Bun,) so is the ruhe of 95 millions (th( 

Mrice in miles nf the eaitli from the sun) t 

i'nirth numher. 

I'lines. And is that fourth numherthediatancf 

miles of Mere iiry fniin the, sun ? 

I'lilor. No ; you must extract the cuhe root o 

:i Dumher, and then ynu will have about thiily 

' n millions nf miles for the answer, which tr 

tnip distance at which Mercury rcvc 

"lilt tllCSUD.' 



CONVERSATION XLI. 



01' Mars. 

I'ltoT, Next to Venus in the earth am! her 
rililc the moon; but of these snHiriont nutici 
already been taken, and Iherofore we slial 
^ on to the jtlanet Mavh, 'wXucXiXsVtvw ^ 
heavens by a dusky red a5\iv,M&'»K.«-. "^Aa 
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»<2;cthot* with Jupiter, Saturn, and the Herscheli 
re called superior planets, because the orbit el 
1)0 earth is enclosed by their orbits. 

Charles. At what distance is Mars from tbe 
3un? 

Tutor. About 144 millions of miles; the 
Icn.i^ti) of his year is equal to 687 of our dayii 
and therefore he travels at the rate of more tbii; 
53 thousand miles in an hour ; his diurnal roti- 
tion on his axis is performed in 24 houi*s and 39 
minutes, which makes liis figure that of an ob-: 
late spheroid. 

James. How is the diurnal motion of thbj 
planet discovered ? 

Tutor. By means of a very large spot whirh 
is seen distinctly on his face, when he is in that 
part of his orbit which is opposite to the sun Bxi 
earth. 

Charles. Is Mars as large as the earth ? 

Tutor. No ; his diameter is only4189 miles 
len^s^th, which is but little uaore than half I 
length of the earth's diameter. And owing 
his distance from the sun he will not enjoy « 
half of the light and heat which wo en joy. 

James. And yet, I believe, he has not 
benefit of a moon. 

Tutor. No moon has ever been discos 
belonging either to Mercury, Venus, or J 

diaries. Do the superior planets exhibit 
/ar ^/jpearances of divcct awA vfiXv^^^t^de r 
te those of the inferior \W^w«\.% t 



* 



UF MARS, 

Br. Tliey do : euppoae a (Plate viii. 1 _ 
,be sun : a, h, c, J, e, J, g, k, the earth, iii 
ent pails of its ui-Lit, and m Murs in his 
When the earth is at a, Mnrs will ap- 
among the fixed stars at x : when by its 
\l motion the eai-th has arrived at h, d, and 
pectivety, the planet Mars will appear in the 
■i:s at y, a, and w : when the earth has 
need to g. Mars will appear stationary at 

the earth in its jonrncy from g lo h the 
t will seem to go barkwards iii* i-eti-ogra<le 
J heaven» tVom o to t, and this retrograde 
10 will be Hpparent till the earth has arriv- 
a, when the planet will again appear sta- 
ry. 
lies. I perceive that Mars is retrograde 

in opposition, and the same is, I suppo»Ct 
:able to the other superior planets ; but the 
grade motion of Mei-cury and Venus is 

those ptaneta are in conjunction, 
tor. Yon are right: and you see the reasorii 
c say, why the superior planets may be in 
est io the moniiug when the sun rises in 
tst, and tlie reverse. 

arks. For when the earth is at d, Mars 
be at n, in which case the earth is between 
(n and the planet : I observe also tliat the 
t Mars, and consequently the other mpe- 
ilnncts, are much nearer the earth at one 
than at ittiicm. 
'•ir. 3V*c difference wilh ro%v^'>.to^«e*"'^'*'' 
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no less than 190 millions of miles, 
length of the orbit ol' the earth. Thii 
proper time toexphiin what is meant 
iiocentric longitude of the planets refi 
the Ephemeris. 

James, Yes, I rememhcr you prom 
plain this when you came to speak of ti 
I do not know the meaning of the w 
centric. 

Tutor. It is a term used to express 
of any heavenly bdWy as- seen from 
whereas the geocentric place of a plai 
position which it has when seen from 

Charles. Will you show us by a figi 
this difference consists ? 

Ttdor. 1 will : let s (Plate viii. Fi 
present the place of the sun, h Venus i 
a the earth in her's, and c Mars in his 
the outermost circle will represent the 
fixed stars. Now to a spectator on tl 
Venus will appear among the iixed si 
beginning of Scorpio, but as vie woe 
sun, she will be seen beyond the mid< 
Therefore the Geocentric lonsritude of ' 
be in Scorpio, but her Heliocentric Ion 
be in Leo. Again, to a spectator at a. 
Mars at c, will appear anlong the fi 
towards the end of the sign of Pisc< 
viewed from the sun he will be seen at 
ijJng of the sign Ar\es \ vAi\\^vv\v\vi\\\W ' 
MclnngitmW of Mars Vs\\\ V v^vivts -^Xv 
centric Jongitude is in Xvx^^- 




30NVEBSAT10N XIJ 



or Jupiler. 



now come to Jupiter, the largMt 
ilanets Vfhich in ou<iily knuvt n by liia 

litude and bnllmncy. 
Is Jiipilef larger than Venus ? 

Tlioiigli be iloes not appear so large, 
ignitmle of Venus beai-s but a very 
irtion to that of Jupiteri whoso ilia- 
,000 miles in length, conse(|ueiitly his 
[ceed the hulk of Venus 1 500 times : 
; from the sun is estimated at luoro 
lUlioiis of miles. 

lEFhcn he iajive times farther from the 

''ii« earth, ami ronsequently, as light 
minish in the same pioportion a» the 
the distunres from the illuminating 
ise, the inhabitants of Jupiter enjoy 
;y-fifth part of the light and heat of 
it we ciijoy. 

Another thing remarkable in this 
ihat it revolves on its axis, whidi is 
larto its orbit, iti ID hours, and in 
t uf thiii swift dinrnal rotation, hift 

iillameter is 6090 ntV\e& gvc-AX^^ 'isa.vi. 
nmctci: 
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Charles. Since then a variety in the seasons l. 
of a pi a not depends upon the inclination of tiie| ^ 
axis to its oihit, and since the axis of Jupiter 
has no inclination, there can he no difference il 
his seasons, nor any in tiie length of his dajs 
and nights. 

Tutor. You arc rip:ht, liis days and nights an 
always five hours each in length ; and at Ui 
equator, and its neighbourliood, there is perpft*. 
tual summer; and an everlasting winter intkl 
polar regions. 

James. What is the length of his year? 

Tutor. It is equal to nearly 12 of oursy for kl 
takes 11 jears, 314 days, and 10 hours, to miUj 
a revolution round tiie sun ; consequently h 
travels at the rate of more than 28^000 miles il 
an hour. 

This noble planet is accompained with kfi 
satellites, which revolve about him at diffeitrf 
distances, and in different periodical times ;M 
first in about 1 day and 11 hours : the second'^ 
.3 days, 13 hours : the third in 7 days, 3 houfl} 
and that fourth in 16 days and 16 hours. 

T'>cy<)n(l tlu* sphere of M(jr,s in distant skieSy 
IJevolvcs the iniji;'hty niaj^nitiide of ./ore 
AVitli Ivinjfly state, the rival of the sun. 
About him nnind four plancfftr 1/ moons 
On o:»rth with woiuhtr all niji^ht lonj? beheld 
Moon above moon, his fair attendants dance. 

Mallet's Excuiifliio5. 

Charles. And are \\\f^s^ ft^\.iA\\\R.s, like oar 
^noon, subject to be ec\\v>s^A1 



or JUPITBR. 

lar. Tbey arc-; and tlicir t'cli|)SP3 are ol 
ilvrable iinpni'tance to astrononiprs, in as- 
ining with arciuiicj the lotigitutic of differ- 
laces on the earth. 

means of the eclipses of Jupiter's satcl- 
a method haa been alSo obtained of deini 
■If; tbat Ihe motion of light is progressive, 
loT imtmilancous. us was nnce snnpoited. 
e it is found that the velocity of liglit is 
y n.OOU timi'S greater than the velocity 
J ih Id its orbit, and more than ainilljnnul 
.leatPt' than tiiat of a ball .issuing fnnti a 
I. This discovery is alluded Id by the 
iitioned |ioet ; speaking of an observer of 
rises and Jupiter's satellites, he says : 

--I.- ohBerv'd llie nmid progress finds 
■ .' i '5Elf i liiiw swift Ihc headlong my 
I rum tile sun's height tlirough unbounded spRce, 
1. unlight'tujig' air, and cartli, uul heuven. 

■ - "flightrnme from thrsiinto the earth" 
lis, that is, at the rate of 13 millim 
n a minute ne^irly. 
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CONVERSATION XLIIL 



Of Saturn. 

Tutor. We arc now arrived at Saturn in o 
ilcscriptionsy wliichf till within these twen 
years, was esteemed the most remote planet 
the solar system. 

Cliarles. How is he distinguished in i 
heavens ? 

Tutor. He shines with a pale dead light, n 
unlike the brilliant Jupiter, yet his magnitn 
seems to vie with that of Jupiter himself. T 
diameter of Saturn is nearly 80,000 miles 
length : his' distance from the sun is more tb 
900 millions of miles, and he performs his jo 
ney round that luminary in a little less than 
of our years, consequently he must travel 
rate not much short of 21,000 miles an ho? 

Javics. Uis .c^reat distance from the sun 
render an abode on Saturn extremely col* 
dark too, in comparison of what we expe 
here. 

Tutor. His distance from the sun bei 
tween 9 and 10 times greater than that 
earth, he must enjoy about 90 times ler 
and bcRt ; it has nevcvtlvdcss been ca 
that the light of tlic suw ^t ^viVwyw \^ ^ 
greater than we enjoy tvova ouy jull' 



OV MATIIUX. 2S5 

'larlcs. Tlieilay-lif^lit nt Saturii) then, can- 
1)6 very contemptible i 1 should hardly have 
ght that the light of the sun here was 500 
u greater than that experienced from a full 

ntor. So tnurh greater ia aiir meridian light 
< this, that during the sun's absence behinii a 
i, when the light is much less strong than 
n we behold him in all his glorious splendour, 
rerknned that nur day-light is 90,000 times 
iter than the light of the moon at its full. 
lines. But Saturn has several moons 1 be- 

utor. lie is attended hy seven satellites, or 
ns, whose periodiral times differ very mudi ; 
one neapest to him performs a revolution 
id the primary planet in &S hours and a half; 
tliat which is most remote takes 79 days 

7 hours for his monthly journey : this last 
Itite is known to turn on its axis, and in its 
•inn is subject to the Kanic law wliicli oor 

: "Ijeys, that is, it revolves on its axis in the 
lime in which it revolves about the planet. 
■ h-s the seven niotins. Saturn is cncom- 
ed with two broad rings which are probably 
tnsideralilc importiiiice in reflecting (he light 
10 aim to lliat pknet ; the breadth of the 
r ring is 80,000 miles, that of the outer ring 
Imiles. and the vacant sjirtreAjc^-MccwftftiVK** 
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))]at)ets. Plate viii. Fig 20, is a rcpresentatioi 
of Satiii'n as seen tlirough a good telescope. Oi 
the supposition that Saturn was the most rcroot 
planet of our system, he is thus- described b; 
Mallet in his excursion : 

T^ast, outmost Saturn walks his frontier round 

The boundary of worlds, witli his pale moons^ 

Faint g'limniering' thro' the jrloom which night has thnwl 

Dccp-dyed and (lead o*er this cliill globe forlorn : 

An endless desert, where extreme of cold 

Ktenial sits, as m his native seat, 

On wintcry hills of never-tliawing ice. 

Such Saturn's earth ; and even here the sigiit 

Amid these doleful scenes, new matter finds 

Of wonder and delight ! a mighty ring/ 

Charles. Is it known whether Saturn turns M 
its axis ? 

Tutor. According to Dr. Hcrschel, it bMi 
rotation about its axis in 12 hours ISi minutti: 
this he coin])utod from the equatorial diaiaettf 
bcinj^ lonii,Ti' than the polar diameter in the pro- 
poiti()(i of 11 to 10. Dr. Herschel has also da- 
rovoretl that the ring, just mentioned, rcvolw* 
about tiie planet in 10 hours and a half. 



or the Tlcrsclicl Planet. 

e have liiit one other planet to ilc- 

kt in tliu Uf r&cltrl. 

7 Was it diacuvered by Dr. nersclicl ? 
* It was, on the I3th of March, 1781, 

nfi)re by nstronuRiers in gciiei-al it is lie- 
lateiJ the Hersclitil planet ; thongh bj the 
If himselTit was named the Georgium Si- 
ip Geiirgian star, in honour of his present 
ty George the Third, who has for many 
been ft liberal patron to this gi-eat and most 
itigable nstronomer. 

tries, 1 do nut thinli that I tiavoever bccd 
lunet. 

'or. Its apparent diameter is too small to 
rerned readily by the naked eye, but it may 
lity discovered in a clear nighf. when it is 
tlie horizon, by means of a good telescope, 
nation being previously known from tlie 
iiieris. 

les. Ts it owing to the smallness of this 
L.or to its great distance from the sun, that 
nnot s^e it with Ihc naked eye? 

f Botli thcKC causes are tuimbined : Ir 
fcnw/" Jupiter aiifl SaV«vtt\\\%«vM^,\ve> 
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an<l his distnnie from tlie aim is estimated 
niiirp llian one tliousttiirl rlgltt buiKlrcd iriiDi 
of milts fniin tliat lumiiiai-y, aittUnd wlii 
Iiowcver, be pfrfupiiis hi» journey in eighty, 
of iiiir ycam. cnHseiniently lie must ti-avel at 
raw of lG.000 in)l<>s an tmiir. 

Ckarlen, B<it if this )il(iiipt hus been tlisro^ 
ed ...lij iwi-nty-iwo ycai-s, how in it known 
it wjl) rom))lL-te itt* rcvnliition in eigiity- 
yeai-s i 

Tutor. By a Iohr scpics of observations it 
fiHiiiil to inoi'6 with SMi'h u vehwily, 
cairy it round tlie heavens in that period. M< 
over, w lien it wuft first diNcnvered, it was ia 
mini, and in Augunt, IBflS, it had advani 
tlie 1 1° otLibra. more than a fonrth part of| 
jfiiifrioy ; and now in June, 1S09, it if 
ci^lith (il'Scoi'jjio. 

Jnmes. How many moons haa the Hi 

Tutor. He is attended by six satellitH^ 
unions, of whii'lit the one iii'arest to the pi _ 
[ii'rfonns his revolution ronnd the primary- 
five dayfi and twenty-three hnnrs, but that wliiC 
is tire iijiist remote from him takes 107 days aA 
lU lioiirs (in- Ills jimrncy. 

Clifirks. Is tliei-e any idea formed as to tin 
liglit ami heat enjoyed by this planet ? 

Tutor. His distanre IVnm llie snn is nineleei 
times greaterthan thatof the eartli, conseijuent- 
ly sinre the square of 19 is 361, the light an* 
lieatexperlenced by the inhabitants of that pl&i> 



OF COMETS. 

i1 times lesa tLaniv 



derive from tb* 



)]Kirtion of light enjoyed by Ihe Her- 

been estiinftted at about eqiml tu the 

hundred and forty-nine of our full 



CONVERSATION XLV. 



Besides the seven primary )))aiit>t^ 
in seeunilary ones or satellites, Wl 
Ben desri'ibing, there are other tjodies 
to the solar aystern, called cnnietN, to 
iinsou, in his Summer, beautifulU '" 



—Amid the radiant orbs 
jBoet than deck, that aiiiimilc the sky, 
tili;4ntusitig suns of other v/oi'ldsi 
' m the di'caci iiruncnsity of space 

i^ iiilh ncoelccBted course 
FUshiw eofsel to the bud iltMiceDds, 
KB heaiuks belmr the ahading eutli, 
BWfiil Iraiii projecltd o'er the tuiaNCTa» j 
■*>• natlona t'emblc. 
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Charles* Do comets resemble the planets 
any respects ? 

Tutor. Like them tliey are supposed to 
volve about tiie sun in elliptical orbits^ and 
describe equal ai'eas in equal times ^ buttliej 
not a])pear to be ada))ted for tlic habitation 
animated beings, owing to the great degrees 
heat and cold to which, in their coursei tt 
must be subjected. 

The comet seen by Sir Isaac Newton, in t 
year 1680, was observed to a]}proach so M 
the sun, that its heat was estimated by that gn 
man, to be 2000 times greater than that of R 
hot iron, 

James, It must liave been a very solid bo* 
to have endured such a heat without being c 
tirely dissipated. 

Tutor. So indeed it should seem : and a boi 
tiius heated must retain its heat a long time; f 
a red-hot globe of iron, of a single inch in di 
meter, exposed to the open aii% will scairc 
lose all its heat in an hour ; and it is said, tl 
a globe of red-hot iron, as large as our earl 
would scai'cely cool in 50.000 years. See E 
field's Institutes of Natural Philosophy, p. 2S 
second edition. 

Charles. Are the periodical times of thc( 
mets known ? 

Tutor. Not with any degree of certainty ; 

was suj)posed that t\\^ \^^yWVs. c^C tUi-ee of tli( 

had been distinct\y vi^c^vWvw^^* ^Y\\^ Jvt%N 
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'■■>'■ apjieareil in the jcars 1531, 1607, and 
. ;iii(l it was cx|iccled to return every 75tli 
I ; and one wLicli, h-< iiad been predicted by 
I-. iiiille}'. ajipeaieil in 1758, wiiicli was sup- 
Bed to be the aamc. 

The seconi/ortljcmnpiiearcd in 1533, anil 1661, 
id it was cspcrted tbat it would aj^aiii make its 
il>rarance in 1789, but in this the astronomei's 

'.In- piefient day have been (lisappninliHt. 

riiu third was that which appeared in 1680, 
111 its period being estimated at 575 years can- 
It, upon tbat suppoHltion, return until the year 
155. ThiH last comet at its greaUxt distance 

eleven thousand two hundred millions gl' 
Ues from the sun, and its tcast distance from 
lesun'scentre was but four hundred and ninety 
Ausand miles; in this part of its orbit it tra- 
tiled at the rale oi' eight hundred and eighty 
lonsaiid miles in an hour. 
James, Do all bodies move Taster or slower 

proportion as they are nearer to, or more dis- 
Irt from tbeir centre of motion 7 
Tutor. They do, for if you look back ujioii 
e last six op seven lectures, you will see tbat 
e Ueracbel, which is the most remote jdanet 
the solar system, travels at the rate of 16,000 
lies an hour: Saturn, the next nearer in the 
ilcr, 21,000 miles ; Jupiter 28.000 miles ; Mara 
,000 mile-s; the earth 65.000 miles; Venus 
,000 miles ; and Mevcav^ ».V "Obr. '^^ftx 'S^ 

ffr^iJea in an houv. ft%\.\i»"t't"W^"~ 
i.— X 
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to A rotnct wliuse progressive niotiun iii' 
part of ilH orbit wliicli is nearest lu llie »< 
more than equul to eight times the velocij 
Mereiiry. 

Cliarles. Were not comets formcriy drei 
as nwt'ul prodigies intended to a'Hrm the wi 

Tutor, tonieta ace Ircfiiienilj' accompi 
with a InminouB trnin called tlie tail, whi 
PU|>|iosed to be nothing more tlian vapour P 
from the bodj* in a line ojiposite tu the sun 
which, to uninformed people, has heen a H 
of terror and dismay, and to this opinion i 
of our [loela have alluded : 



or CO 


nets winder 


-Where the tnan 
n eccentric w»js 


with 


nfinite exciii- 


ion throug'h th' Immenaf 


ClfL-t] 


tr, trav-c-bLnL 


from sky to sky 


Ten tlioiaaTid regions, in llieir wiiidinK road 


Whoa 


l,:..-th to \r 


ce imi^ntitiau fiiila ; 


Vttiio 


li their piLlhs 


— ; — 



While distant orl)s witli u-onJcr 
itatk their approacli, and ni^it by night alsrm'i! 
I'hcir dreaded prutrrcss watch, its of a foe 
Whoue march is ever futul, in n-liose tisJii 



.ting' plagiic, 



F.uch on I lis pale iiorsc lide 

l>f iiTigiy lltaveii to scourge otlcndinfj ivorlils. 



Of TllK SVS. 



CONVKHSATiON XLVI. i 



Havini^ given joii a jiarticd^ 
of llic planets wtiUh revolve nbuut tlioj 
i] iitso (iftlie satellites wliirh travel round' 
;niai7 pluiicts as central budies, while' 
•e carried at the same time with these bo- 
iQd tiie aun, we ahull conclude oiir arruiint 
olar aj'atem by taking some notice of the 
iself : 

;r of the planetoty trjjii, 

A whose qujck'iung glaiioe Uicir cumbrous oilii 

bnite unlovely anus, incti ami di-ud, 

}l, as now, the green abodes ofltlc, 

Trumsun's AL-'rcNK, line 1D8C. ' 

!S. You told ua a few ilays ago, that tbn 
s a rotation on its axis ; bow is that' 
f 

>r. By the spots on its mirtace'. it it* knownl 
rompletes a revulutioit ftiim west to eantj 
axis in, about twenty-live iliija. two dar* 
m Ilia apparent rev(dution. in conseiitipnco 
earth's motion in her orbit, in the sways 



fa Ujc figure ot t\jc auw ^* 



[ivtoV^Wj 



%. 
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Tutor. No; the motion about i 
it spheroidicaly having its diamet 
tor longer than that which pass 
poles. 

The sun's diameter is equal to 
of the earthy and therefore his l 
million of times greater than tha' 
but the density of the matter of v 
posed is four times less than tlie 
globe. 

We have already seen that by 
of the sun, the planets are retain 
hitSf and that to him they are indt 
heaty and motion : 

Fairest of beings ! first created light ! 
Prime cause of beauty ! for from the< 
The sparkling gem, the vegetable ra< 
The nobler wonds that live and brcat 
The lovely hues peculiar to each trib« 
From tliy unfailing source of splendoi 
In thy pure shine, with transport I su 
This firmament, and these her rolling 
Their magnitudos and motions. 



THE PIXEli ST A 



(CONVERSATION XLVH. 



. Wv « ill now- put an enJ to one e 
cal conviTsatioiii* by i-efcmiijj^ Hgain t« t!i« 
siara, wliicli, liku our sun, shine \)y tlieir 
light. 

MrU». Is' itthrii rertnin tlittt (lie flXFil Ktni'it 
»f tlieinselvcH luminous liudies; atid tliat the 
Ets Itiirrow llicii- li_e;lit tVoin tlie sun ? 
itor. By the iw\[i of lelescniifjs it is known 
Merniry, Veiiiia. nud Mai-s shine by h boi- 
(I li^liti lor like the moon, they are cibserv- 
I have difTeruitt plmites ^icior^iiig ns tttoy 
liirercnlty HitUHti'cl with rcgavil to the sun. 
iiniiienHe distances of Jupiter. Satuni. niid 
Kerschol planet, do not allow ihc diffcirncu 
eeri the perfect and imperFcct illumination 
eir discs or phases to he perceptihle. 
jw tlie distance ui' the tixed stars rrom tho 
I is so great, that reSeeted Iig:ht would he 
1 too v/e&k ever to reach the i-ye ut' uii oh- 
■r here. 

mes. Is this distance ascertained with any 
ee ol' precision. 

((or. It is nut: hut it laWixt^'W'R'wv'OfttssV^'A- 
ite so great, tlmt tUe vi\w»\ft \«.v\'^ "^ 
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earth's orbit, viz. 190 millions of mil 
point in comparison of it ; and hence 
red that the distance of the nearest 
cannot be less than a hundred thou 
the length of the earth's orbit"^ ; tha 
dred thousand times 190 millions ol 
19,000,000,000,000 miles; this dist 
immensely great, the best method 
some clear conception of it, is to com] 
the velocity of some moving body, b 
may be measured. The swiftest m 
virhich we are acquainted is that of li; 
as we have seen, is at the rate of twel 
of miles in a minute ; and yet ligh 
about thre« years in passing from i 
fixed star to the earth. 

A cannon ball which may be made 
the rate of twenty miles in a minute 
1800 thousand years in traversing th 
Sound, the velocity of which is thirte 
a minute, would be more than two mi 
hundred thousand years in passings 
star to the earth. So that if it we 
for the inhabitants of the earth to se< 
— to hear the sound ; — and to rereiv< 
a cannon disciiarged at the nearest 
they would not perceive the light of 
sion for three years after it ha<l heei 
receive the ball till 1800 tliousand 

* See Dr. Knfield*s lns!t\l\itcs o^ T:!s'A\ix^ ^ 
S4r. SecQnd edition, 1799. 



I OK TilE FIXED STABS. 

nor Iiear tlie report for two n 
m titiiitlfeil thousand years alter tlie 
I. 

s. Are the fixed stars at ilifferent dis- 
om tbe eartliJ 

Tlieir ma^iiitiidea, as yoa know, ap" 
le different iVuin one another, whkli ilif- 
nay arise cither from a diversity in their 
^nitudes, or in their dmtanccs, or Iron 
BP causes acting conjointiy. It is the 
»t' Dr. Hcrschel that the dilTerent appa- 
jnitiidcs of the stars arise from th« dif- 
itances at which they are oitualed, and 
; he conrludfi8 that starB of the seventh 
[le are at seven times the distance from 
hose of the fir'st magnitude are. 
B assistance of liis telescopes he is able 
vcr stars at 497 titnes tlir distanre of 
le Dog-Star; from which he infers Ihat 
ire powei'I'ul instnimttnts he should ho 
liscover stars at still greater ilisdtnres. 
. 1 recnilert that you told its once, th»t 
^en suppooed by nwrnct aKtronamci'a, tliat 
ight be tixe<I slan> at no giiutt adiatanco 

that the rays nf their light had not yet 

the earth, though they h»d bom IB 
at the rate of twelve roillktRS nf milq 
iiite, from the first creation to tite p 
e. 

, I did ; it was owe o^ ft\t %^■^■^:\\Mi ■asP - 
rof Uio celcbmtaAUu^^e^a- \^t-^^»•- 
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ley has also advanced what, he says, sees 
a metaphysical paradox, viz. that the nui 
fixed stars must be more than finite, an 
of them at a greater than a finite distanc 
others ; and Mr. Addison has justly obi 
that this thought is far from being extrai 
when we consider that the universe is th 
of infinite power* promoted by infinite go< 
and having an infinite space to exert iti 
so that our imagination can set no bouni 

How distant some of the nocturnal suns ! 
So distant, 6ayB the sa^e, 'twere not absurd 
To doiibt^ if beams set out at Nature's birth. 
Are yet arriv'd at this so forei^ world ; 
Though nothing- half so rapid as their flight. 



Charles. What can be the use of thes 

states ? — not to enlighten the earth, for a 

additional moon w<»uld give us much moi 

than them all, especially if it were so co 

as to afi()rd us its assistance at those in 

when our present moon is helovv the hor 

Tutor. You are right : they could nc 

been created for our use, since thousand 

even millions, are never seen but bv the 

ance of glasses, to which hut few of our rat 

access. Your minds indeed are too eniig 

to imavine, like children unaccustomed 

Hccthm^ that all tVuw^H vjev^ cveaited \ 

pjjjo/ment of man. T^e ewrt\\ ^w ^XsXsXj 
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I niie or seven pniuary )il»npts circulating 

I niilly I'liiitii! tlie sun as a crntru, anO with 

ai'o coniiectcti eij^liteen srrtmrliiry planets 

I Liiii>>iis. all of whirl) ai'(>pr<ibuUI}'^tpe^fngwi>:li 

\\\yj; beings, ca|)al)i(*«tl]Ougli in tUfTer-cnt waya, 

r injnyinglhu bounties nf the f^reatFittitCaiDie. 

I'lie lixeilstai-»tlicn arc jm>bHl>IyBiins,wiiich, 
kc mtrsun, serve (ii enligliteri, \Mirni,anil mus- 
liii otiicr systems ul'iilanets and tliuir ilcjiend- 
ii( saU'llites, 

Jame.i. Would oiirsnn appear as a fixed star 
! iiiiy prcat ditttatire? 

Tutor. Il rertainly would: mid Dr. Herschel 
litiku tlicre is no doubt, but that it is one of tlie 
eaventy bodies belonging to that tract of the 
eavens known by the name of the Milky IVay. 

Charles. I know the milky way in the hea- 
nu, but [ little. tliouc;ht that I tiad any concern 

!lh it otherwiiip than us an observer. 
Tutor. The milky way ronsiisfa of fixed stars, 
I small tit h« disccnird ^vi^b the nakril eyej 
nil if our sun be one of lliinn. the cutlh and 
Iher planets are closely connected with this 
»rt (jf the lieavciis. 

But, (ieiitlcineii, if h lime that we take our 
tave cif this "iulijr'ct fur the |ii-esent. For your 
ttention to tlioRc iiiRlruotiun.St uliirli. nn this 
nd uther tii[iic8, I liaie bi'i'n«b1c tn coinmutii- 
Ble, accept my best tjiankj*. For your future 
'fltun' and bapjirneHH, .my Vipai-l w Av^-^'S N-ei- 
roDteti. You will nutj 1 ftaUtv v\i3wA\» ''W 
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soon forget that connexion which has sub 
between us for a long coufse of years, 
my mind the remenibranre of your kir 
can never be obliterated. Permit ine» thei 
testimony of my gratitude and sincere atfc 
to recommend to your futui*e attention the 
of nature and creation, by a careful inve 
tion of which you will necessarily be led 
contemplation and love of the God of Nat 
Your knowledge, young as you yet are, 
fundamental principles of Geometry and 
bra, is such as to render scientific pursuit 
and pleasant. And your understanding 
not more capable of entering into the su 
speculations of science, than your hearl 
adapted to receive and cherish those in 
sions of gratitude, which are the natural ( 
quences of enlarged and comprehensive 
of the being and perfections of the Deity 
all your studies and pursuits^ thenf neve 
get, tliat 



-you cannot j^jt) 



"Wli'^vc V\}\ THSAT. Love not smiles around, 
Sus^i) jiing* all yon orbs, and all their suns ; 
From seeming- evil still educing J?o"<l> 
And bv-rtcr thence ag^i, and better still. 
In infinite progression. 

TU03 
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